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A  prominent  feature  of  the  work  of  the  Horticultural  Section 
of  the  Station  has  been  the  testing  of  new  varieties  of  fruits.  Of  the 
small  fruits  grown  the  strawberry  has  received  a  due  share  of 
attention.  Five  years  ago  a  report  was  made  (Bulletin  29)  covering 
the  varieties  tested  up  to  that  time.  Since  then  many  varieties 
have  been  added  to  the  collection.  Some  of  these  possessed  merit, 
others  were  of  no  value.  It  is  the  purpose  of  the  present  paper  to 
bring  together  the  notes  of  the  last  five  years,  and  record  the 
estimates  of  value  placed  upon  the  different  varieties  under  trial. 
It  should  be  understood,  however,  that  it  is  not  the  intention  to 
recommend  varieties  for  general  planting.  Observations  on  a 
particular  variety  continued  through  successive  seasons  enables  us 
t*>  rate  with  accuracy  its  value  for  this  locality,  and  for  the  condi- 
tions under  which  it  is  grown,  but  we  fully  appreciate  the  fact  that 
under  different  conditions  of  soil  and  surroundings  its  behavior  may 
be  quite  different.  Our  best  varieties  may  prove  unprofitable  in 
other  localities,  and  some  that  are  of  no  value  here  may  take  rank 
among  the  best  when  grown  under  different  conditions. 

Varieties  of  strawberries  as  well  as  of  other  fruits  are  largely 
local  in  character,  and  the  best  for  a  particular  locality  must  be 
determined  by  trial  in  that  locality. 

Cultural  directions  for  strawberries  were  given  in  Bulletin  29, 
but  as  the  edition  is  exhausted  and  as  inquiries  on  various  cultural 
points  are  frequently  received,  it  is  thought  best  to  again  touch 
briefly  upon  the  more  important  features  of  strawberry  manage- 
ment. 

SOIL. 

The  strawberry  can  be  made  to  grow  on  a  great  variety  of 
soils,  but  it  is  easier  to  manage  and  reaches  a  better  development 
on  light  loams  than  on  heavy  clays.  A  soil  improperly  drained,, 
where  water  may  stand  for  long  periods,  is  entirely  unsuited  to  this 
as  well  as  to  other  fruits,  and  a  very  heavy  clay  is  to  be  avoided  if 
possible.  A  sandy  loam  ot  good  fertility  will  produce  earlier 
fruits  than  a  heavy  soil,  it  is  easier  to  work,  can  be  worked  sooner 
after  rains,  and  is  in  general  more  satisfactory.  In  many  places 
along  our  streams  there  are  broad  stretches  of  bottom  lands,  sandy 
in  texture  and  rich  in  humus,  which,  if  well  drained,  are  admirably 
adapted  to  strawberries. 

It  is  best  with  any  soil  that  it  be  cropped  for  one  or  two 
seasons  before  planting  with  strawberries,  and  preferably  with  crops 
that  demand  clean  culture.     It  is  of  the  first  importance  that  the 
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land  be  free  from  weeds  and  in  loose,  mellow  condition.  It  is  not 
good  practice  to  plant  on  freshly  turned  sod ;  such  land  should  be 
used.  9ne  seasojq  for  *  some  hoed  crop,  which  will  leave  it  in  good 
conditional  for'^^ti^wberiaes. 

.^  .  JFor.most.ppils  (Jeep,  plowing  is  to  be  recommended.  There  is 
aiift>C£|^}i^-m  jAcjWeipg  the  plants  to  root  deeply.  The  deeply 
loosened  soil  holds  more  water,  and  the  plants  are  less  liable  to 
injury  during  scarcity  of  water. 

LOCATION. 

The  location  for  strawberries  should  be  chosen  with  particular 
reference  to  irrigation.  Land  lying  nearly  level  is  to  be  preferred, 
but  gentle  slopes  can  be  utilized  by  planting  on  contour  lines,  or  in 
such  manner  that  the  furrows  for  irrigating  have  only  sufficient  fall 
to  move  the  water  slowly  without  washing  the  soil. 

Great  care  snould  be  taken  to  have  an  even  surface.  High 
points  must  be  lowered  and  all  depressions  filled,  so  that  the  furrows 
will  nowhere  overflow  and  flood  the  rows.  This  can  be  best 
accomplished  by  the  use  of  a  simple  box  scraper  made  of  plank, 
<jenerally  it  is  a  good  plan  to  plow  deeply  in  the  fall.  If  the  soil 
is  heavy  and  inclined  to  be  lumpy  it  may  be  best  to  harrow  at  once 
after  plowing,  but  with  lighter  soils  this  is  not  necessary.  In  the 
spring  plow  again  and  harrow  until  the  surface  is  finely  pulverized. 

FERTILIZERS. 

Colorado  soils  are  yet  new,  they  have  been  cropped  for  only  a 
few  years,  and  the  question  of  fertilizers  has  not  yet  demanded  much 
attention. 

Locally  their  need  is  being  felt,  and  no  doubt  the  time  will 
come  when  the  problem  of  the  maintenance  of  soil  fertility  will  be 
as  important  here  as  it  is  now  in  the  older  agricultural  districts. 
The  intelligent  application  of  fertilizers  calls  for  inquiry  into  all  the 
conditions  surrounding,  not  only  the  locality,  but  the  particular 
piece  of  soil  to  which  the  application  is  to  be  made.  It  is  essential 
to  know  something  of  the  physical  condition.  Is  it  heavy  clay,  or 
light  sand?  Is  it  loam  or  gravel?  Is  it  level  or  sloping?  Is  the 
substratum  rock  or  impervious  clay,  or  is  it  porous  gravel  ?  Is  the 
soil  deep  or  shallow  ?  Well  drained  or  inclined  to  hold  the  applied 
water?  Knowledge  on  these  points  is  gained  by  observation  and 
examination,  and  they  are  all  important,  because  they  have  a  direct 
bearing  upon  the  kind  and  quantity  of  fertilizer,  and  upon  the  time 
and  manner  of  its  application.  As  supplementary  to  a  knowledge 
of  the  physical  condition  of  the  soil,  it  would  be  well  to  know  some- 
thing of  its  composition  as  shown  by  chemical  analysis.  While  I 
do  not  believe  chemical  analysis  can  be  taken  as  an  index  of  the 
producing  power  of  any  particular  soil,  it  is  valuable  in  cwnection 
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with  a  careful  study  of  physical  characters,  in  leading  to  the 
intelligent  application  of  needed  elements.  Chemical  values  are 
potential,  and  while  an  analysis  may  accurately  give  the  per- 
centages of  the  various  elements  present,  it  can  not  tell  with  exact- 
ness what  quantity  of  each  essential  element  is  in  condition  for 
immediate  use  as  plant  food.  It  is  hardly  possible  to  analyze  the 
complicated  processes  that  are  taking  place  in  the  soil,  convertmg 
complex  inactive  compounds  into  simpler  forms  ready  for  use  in 
building  up  plant  tissue.  These  processes  are  constantly  in  opera- 
tion ;  they  are  less  obvious  and  less  known  than  many  phenomena 
that  are  given  prominence,  but  they  are  none  the  less  important 
factors  bearing  upon  the  productiveness  of  soils. 

An  examination  of  several  analyses  of  Colorado  soils  shows 
that  they  are  rich  in  all  of  those  elements  classed  among  the 
inexhaustible  soil  ingredients,  and  that  they  also  contain  good 
percentages  of  the  exhaustible  elements  which  are  so  necessary  to 
plant  growth — nitrogen,  phosphoric  acid,  and  potash.  It  may  be 
that  much  of  the  wealth  of  plant  food  shown  by  these  analyses  is 
not  in  an  immediately  available  condition.  If  this  be  the  case, 
what  is  the  remedy  ?  I  may  answer  that  the  remedy  may  be  sought 
in  thorough  cultivation  and  in  an  increase  of  humus  by  the  addition 
of  stable  manure  or  by  plowing  under  a  soiling  crop.  Increase  in 
the  percentage  of  humus  is  important  not  only  for  its  direct  value 
as  plant  food,  but  for  its  influence  on  the  physical  condition  of  the 
soil,  and  for  its  action  on  other  soil  compounds.  It  makes  clay 
soils  less  compact  and  increases  the  compactness  of  sandy  soils ;  it 
increases  the  capillarity  of  the  soil,  thus  bringing  up  to  the  roots 
food-laden  water  from  below ;  it  acts  as  a  sponge  to  hold  water  in  the 
soil,  and  it  is  a  storehouse  of  nitrogen. 

The  strawberry  is  a  gross  feeder  and  to  reach  perfection 
demands  a  rich  soil.  I  believe  any  soil  intended  for  this  plant  will 
be  benefited  by  a  liberal  application  of  stable  manure,  preferably 
that  which  has  been  rotted  by  composting.  Our  practice  has  been 
to  apply  a  heavy  dressing  in  the  fall.  This  is  plowed  under  and 
the  surface  harrowed  down.  Then  water  is  applied  until  the  ground 
is  thoroughly  soaked.  In  the  spring  we  plow  again  and  thoroughly 
pulverize  the  surface.  The  soil  is  then  loose  and  moist  at  time  of 
planting. 

The  principal  objection  to  the  use  of  fresh  stable  manure  is 
that  it  is  likely  to  carry  with  it  many  seeds  of  troubhsome  weeds. 
These  seeds  germinate  or  are  in  various  ways  killed  during  <  om- 
posting ;  then,  too,  the  rotted  manure  is  more  readily  incorporated 
with  the  soil  and  is  more  quickly  available  to  the  plants. 

TIME  TO  PLANT. 

In  our  practice  at  the  Station  we  have  had  the  best  success 
from  spring  planting,  and  believe  that  in  generaj^  it  (^l^^be  found 
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best  for  Colorado  conditions.  In  regions  where  the  rainfall  is 
greater  and  where  cloudless  days  are  less  common,  planting  in 
August  is  practiced  successfully  by  many,  but  the  practice  is  by  no 
means  universal,  and  most  growers  who  plant  large  areas  prefer  to 
plant  in  the  spring. 

Here  there  is  often  trouble  in  obtaining  the  desired  number  of 
well-rooted  young  plants  early  enough  so  that  when  transplanted 
they  may  become  well  established  before  the  end  of  the  growing 
season.  The  prevailing  bright  suns  during  August  are  trying  to 
newly  set  plants,  they  are  liable  to  wilt  and  be  severely  checked, 
even  when  care  is  used  to  apply  water  frequently.  Stronger  plants 
are  obtainable  in  the  spring,  the  ground  is  then  moist  and  the  air 
cool,  they  are  checked  but  little  and  make  a  strong  growth  from  the 
beginning. 

If  potted  plants  are  used,  the  objection  to  August  planting  has 
not  the  same  force,  but  the  expense  of  potting  is  such  that  the 
practice  is  not  to  be  commended,  except  possibly  in  a  small  way  for 
the  home  garden. 

METHODS  OF  PLANTING. 

Two  systems  of  planting  strawberries  are  in  use.  Tht  hill 
system,  and  the  matted  row  system.  In  hill  culture  the  rows  may 
be  two  and  one  half  or  three  feet  apart,  with  plants  twelve  inches  in 
the  rows.  No  runners  are  allowed  to  form,  the  plants  are  kept 
distinct  and  are  encouraged  to  make  the  strongest  growth  possible. 
The  fruits  produced  are  large,  but  the  labor  involved  is  considerable 
and  the  system  is  only  suitable  for  small  areas.  The  matted  row 
system  is  in  almost  universal  use  for  commercial  plantations 
because  the  labor  is  less  and  the  quantity  of  fruit  greater.  The 
plants  are  set  from  eighteen  to  twenty  four  inches  apart  in  rows 
three  and  one  half  or  four  feet  apart.  To  enable  the  plants  to 
become  well  rooted,  it  is  best  to  remove  all  runners  until  about  the 
first  of  July,  after  which  the  runners  may  be  allowed  to  root  until  a 
space  eighteen  inches  wide  is  filled.  The  ideal  matted  row  should 
have  a  width  of  eighteen  inches  with  the  plants  distributed  at  about 
equal  distance ^  five  or  six  inches  apart. 

Some  varieties  prodr.ce  runners  so  freely  that  it  may  be  neces- 
sary to  thin  them  somewhat  to  obtain  the  best  results. 

In  transplanting,  care  Siiould  be  taken  that  the'  roots  do  not 
become  dry.  It  is  a  good  plan  to  carry  the  plants  in  some  vessel 
containing  water  and  to  distribute  only  as  fast  as  they  can  be 
planted.  In  planting,  a  spade  or  dibble  may  be  used.  The  roots 
should  be  spread  out  fan  shaped  and  care  taken  to  plant  at  the 
right  depth.  If  planted  too  deep  the  crowns  are  liable  to  rot,  and 
if  not  deep  enough  the  roots  will  dry  out,  either  being  fatal  to  the 
plant.  The  earth  should  be  well  firmed  about  the  roots  and  the 
surface  left  level. 
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IRRIGATION. 


An  ample  supply  of  water  is  essential  to  success  with  Straw- 
berries. The  plants  need  it  in  quantity  throughout  the  season  and 
particularly  while  maturing  fruit.  No  garden  plants  more  quickly 
suflfer  from  lack  of  water,  and  none  respond  more  readily  when  it 
is  properly  applied.  It  is  our  practice  to  make  a  shallow  furrow 
close  to  each  row  of  plants  as  soon  as  they  are  planted  and  run 
water  at  once,  even  though  the  soil  be  moist.  It  settles  the  earth 
about  the  roots,  is  an  insurance  against  possible  dryness,  and  gives 
the  plants  a  vigorous  start. 

It  may  happen  after  an  exceptionally  open  and  dry  winter 
that  the  soil  in  spring  is  very  dry.  We  may  then  proceed  in  one  of 
two  ways ;  either  irrigate  first,  and  then,  as  soon  as  the  ground  can 
be  worked,  plow  and  prepare  for  planting,  or  the  land  may  be  pre- 
pared first  and  furrows  made  in  which  water  can  be  run  as  the 
plants  are  being  set.  Do  not  try  to  set  the  plants  in  the  furrow,  in 
wet  soil,  but  plant  on  the  borders  of  the  furrow  and  so  plan  that 
water  may  soon  after  reach  them.  The  first  plan  is  the  best,  but  it 
sometimes  happens  that  the  ditches  are  not  supplied  with  water 
early  enough.  In  that  case  the  ground  must  be  made  ready  and 
the  planting  delayed  until  water  is  available. 

Care  should  be  taken  in  running  water  that  it  be  confined  to 
the  furrows  and  not  allowed  to  flood  the  rows.  It  is  better  to  run 
small  streams  for  long  periods  than  to  try  to  hasten  matters  by 
running  too  much  water.  To  insure  an  even,  constant  flow,  we 
make  a  lateral  across  the  ends  of  the  rows  and  supply  the  furrow 
for  each  row  through  a  short  piece  of  one  inch  pipe  which  is 
imbedded  in  the  bank  of  the  lateral.  This  is  safer  and  easier  to 
manage  than  breaking  the  bank  of  the  lateral  for  each  furrow, 
especially  in  soils  that  are  inclined  to  wash. 

As  to  frequency  of  irrigation,  no  definite  rule  can  be  given  ;  it 
must  be  determined  for  each  particular  piece  of  ground.  Some 
soils  may  require  twice  as  many  applications  as  others.  Study  the 
condition  of  the  soil  and  the  appearance  of  the  plants,  and  govern 
the  water  supply  by  the  indications  there  found.  A  thorough  irri- 
gation late  in  the  fall,  just  before  the  ground  freezes,  is  an  excellent 
protection  against  a  possible  dry  winter. 

TILLAGE. 

Thorough  cultivation  during  the  first  season  can  not  be  too 
strongly  urged.  It  conserves  moisture,  promotes  the  growth  of 
plants,  keeps  the  weeds  down  and  is  in  every  way  beneficial.  The 
after  success  of  the  plantation  depends  much  upon  the  care  given 
during  the  first  months  after  planting.  Cultivation  should  be 
continued  until  October,  but  after  the  runners  commence  forming 
new  plants  the  space  cultivated  must  be  narrowed  and  the  hoe  used 
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among  the  plants.  Train  the  runners  within  the  limits  of  the 
matted  row,  and  when  enough  plants  are  formed  cut  those  that 
encroach  upon  the  space  between  rows. 

There  are  differences  of  opinion  regarding  spring  cultivation  of 
an  established  bed.  Some  allow  the  mulch  to  remain,  and  hold 
that  it  is  best  not  to  disturb  the  giound  until  after  fruiting.  Others 
remove  the  mulch  and  cultivate  the  spaces  until  fruit  begins  to  set. 
We  find  it  best  to  remove  the  mulch,  because  it  interferes  with 
furrowing  for  irrigation.  The  spaces  are  cultivated  after  each 
irrigation,  until  near  the  fruiting  season,  then  furrows  are  made  so 
that  water  can  be  applied  as  needed,  and  the  bed  is  not  further 
disturbed  until  after  the  fruit  is  picked. 

MULCHING. 

Mulching  is  regarded  as  an  essential  to  success.  It  protects  the 
plants  from  the  ill  effects  of  freezing  and  thawing  consequent  to  the 
extreme  daily  range  of  temperature  common  during  February  and 
March,  and  it  retards  blooming,  thus  diminishing  the  danger  from 
spring  frosts.  A  light  cover  answera  every  purpose.  Heavy  mulch- 
ing is  unnecessary,  and  if  too  heavy  may  injure  the  plants.  Hay, 
straw,  coarse  manure,  leaves,  and  cornstalks  have  all  been  used  as 
mulches.  Marsh  or  swamp  hay,  if  free  from  weeds,  makes  an 
admirable  mulch,  but  often  is  not  obtainable.  Wheat  straw  is 
better  than  oat  straw,  because  usually  threshed  cleaner,  but  with 
either  kind  it  is  safer  to  use  old  rather  than  new.  If  the  bed  to  be 
mulched  is  exposed  to  strong  winds,  it  will  be  necessary  to  use  brush 
or  poles  to  prevent  the  straw  blowing  from  the  plants.  Coarse 
manure  is  usually  objectionable  as  a  mulch,  because  of  the  weed 
seeds  it  is  likely  to  contain. 

SELECTION  OP  VARIETIES.     POLLINATION. 

Varieties  of  strawberries  are  many,  and  choice  of  kinds  should 
be  made  with  reference  to  the  proposed  disposition  of  the  fruit.  If 
for  home  use  or  home  market,  high  flavor  in  connection  with  size 
and  productiveness  would  govern  the  choice,  but  if  for  shipment  to 
distant  markets,  firmness  and  long  keeping  would  be  of  first  im- 
portance, and  must  be  given  preference  over  other  good  qualities. 
No  variety  has  all  the  desirable  qualities  equally  developed,  that  is, 
the  ideal,  all-purpose  berry  has  not  yet  been  produced,  and  the  best 
we  can  do  is  to  choose  the  nearest  approach  to  an  ideal  for  our 
specific  purpose. 

Choice  can  not  be  made  from  reports  upon  a  particular  variety 
for  some  other  locality,  but  must  rest  upon  actual  trial  in  your  own 
locality,  because,  as  we  have  already  remarked,  the  same  variety 
may  behave  very  differently  under  unlike  surroundings.  For 
commercial  growing  it  is  best  to  confine  the  attention  to  few 
varieties,  and  be  certain  before  planting  largely  that  these  varieties> 
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are  adapted  to  your  purpose  and  conditions.  A  succession  to  pro- 
long the  season  may  be  desirable,  but  generally  it  will  be  found 
that  the  varieties  intermediate  in  time  of  ripening  prove  most 
profitable.  It  is  well  enough  to  try  novelties  and  new  introductions 
in  a  small  way,  but  never  invest  largely  until  their  merits  for  your 
locality  have  been  tested. 

Choice  must  also  be  governed  by  blossom  characters.  Varieties 
are  of  two  classes ;  those  bavin?  perfect  flowers,  or  in  other  words 
bearing  both  stamens  and  pistils,  and  those  having  pistillate 
flowers,  or  bearing  pistils  only.  Some  of  our  best  varieties  come 
under  this  latter  class,  and  their  ability  to  produce  fruit  depends 
entirely  upon  the  proximity  of  other  pollen  producing  varieties. 
Among  the  varieties  bearing  perfect  flowers  there  is  a  wide  differ- 
ence as  to  pollen  production ;  some  have  few  and  weak  stamens  and 
do  not  produce  enough  pollen  to  perfectly  fertilize  their  own  pistils ; 
others  have  a  normal  complement  of  stamens  with  well  filled 
anthers  that  have  pollen  to  spare. 

The  strawberry  is  so  commonly  grown  that  it  may  seem  un- 
necessary to  dwell  upon  flower  characters,  but  so  many  mistakes 
arising  from  ina^ttention  to  these  essentials  have  come  under  my 
immediate  notice  that  the  remarks  upon  the  subject  appear 
warranted. 

If  a  pistillate  variety  has  been  decided  upon,  the  question  as  to 
what  proportion  of  the  variety  to  be  used  as  a  poUenizer  is  necessary 
at  once  arises.  On  this  point  there  is  difference  of  opinion  among 
growers.  Some  say  four  rows  of  the  pistillate  variety  to  one  of  the 
pollen  producer,  others  would  plant  the  two  in  equal  quantity.  I 
have  found  that  two  rows  of  the  pollenizer  alternated  with  four  of 
the  pistillate  variety  gave  good  results,  but  it  may  be  as  well  to  use 
them  in  equal  proportions,  particularly  if  both  are  desirable 
varieties. 

A  further  point  in  reference  to  pollination  may  be  touched 
upon  here.  Definite  experiments  upon  apples,  pears  and  plums 
have  shown  that  some  varieties  are  either  wholly  or  in  part  self- 
sterile,  that  is,  the  pollen  of  a  particular  variety  may  be  incapable 
of  acting  upon  the  pistils  of  that  variety,  or  may  act  so  slowly  and 
imperfectly  that  the  variety  is  unproductive.  No  definite  experi- 
ments have  been  made  upon  strawberries,  but  observation  leads  to 
the  suspicion  that  some  varieties  are,  at  least  in  some  degree,  self- 
sterile.  If  this  be  true,  the  obvious  remedy  is  the  same  as  recom- 
mended for  the  other  fruits,  namely,  to  mix  varieties,  not  planting 
very  large  blocks  of  a  single  variety. 

Fertilization  in  the  strawberry  is  accomplished  by  insects, 
largely  by  bees,  and  if  several  varieties  are  near  together  the  pollen 
is  sure  to  be  fo  distributed  that  the  maximum  of  fruitfulness  will 
result.  Even  if  all  varieties  chosen  for  planting  are  strong  pollen 
producers,  we  may  infer  from  experiments  upon  other  plants  that 
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there  would  be  advantage  in  planting  in  alternate  narrow  blocks  in 
order  to  facilitate  interchange  of  pollen,  for  it  has  been  shown  that 
eome  plants,  although  perfectly  self- fertile,  derived  advantage  from 
the  use  of  foreign  pollen. 

A  further  point  to  be  considered  in  choosing  varieties  to  be 
planted  together,  is  the  time  of  blooming.  To  be  of  advantage  to 
the  pistillate  variety,  the  pollen  producer  must  bloom  at  the  same 
time,  and  the  same  would  be  true  if  aiming  at  mutual  advantage 
from  cross-fertilization  between  perfect  flowered  varieties. 

PICKING  THE  FRUIT. 

If  the  berries  are  to  be  shipped  some  distance,  it  is  important 
that  they  be  picked  at  just  the  right  degree  of  ripeness,  not  too  green 
nor  yet  fully  ripe.     This  can  only  be  learned  by  experience. 

The  calyx  with  a  short  piece  of  stem  should  always  be  left 
attached  to  the  fruit.  Growers  should  watch  that  careless  pickers 
pay  attention  to  this  point,  as  it  is  essential  to  the  keeping  quality. 
Berries  detached  from  the  calyx  should  go  with  the  over  ripe  fruit 
and  buttons,  and  these  should  never  be  mixed  with  good  marketable 
berries,  because  they  take  from  the  value  of  the  whole.  Careful 
grading  requires  extra  labor,  but  it  is  profitable.  The  grower  who 
attends  to  it  can  establish  such  a  reputation  for  his  fruit  that  it  will 
be  always  in  demand,  even  at  advanced  prices.  It  is  the  common 
fruit  that  is  always  over-abundant  in  the  markets.  Choice  fruit  is, 
as  a  rule,  scarce  and  seldom  seen  on  the  market  in  quantity  equal 
to  the  demand. 

After  the  fruit  is  all  picked,  the  spaces  between  the  rows 
should  be  cultivated  and  the  rows  cleared  of  all  weeds  by  hoeing. 
Cultivation  should  be  continued  until  October,  and  water  should  be 
applied  as  often  as  is  necessary  to  promote  vigorous  growth.  Good 
care  will  induce  the  formation  of  fruiting  crowns,  upon  which  the 
success  of  the  next  crop  depends. 

DURATION  OF  PLANTATIONS. 

In  our  experience  two  years  is  as  long  as  a  bed  can  be  main- 
tained with  profit.  The  first  year  of  fruiting  will  give  the  largest 
fruit,  the  second  the  greatest  quantity,  then  vigor  diminishes  ;  the 
rows  are  too  crowded  to  admit  the  growth  of  new  plants,  weeds 
multiply  and  are  hard  to  control ;  for  these  reasons  it  is  best  to  plow 
up  the  bed  immediately  after  the  removal  of  the  second  crop.  A 
new  bed  should  be  set  each  year  and  an  old  one  plowed  up.  Fol- 
lowing the  plowing  of  an  old  bed,  the  land  should  be  used  for  one 
season  for  some  other  crop,  or  it  is  possible  to  meet  good  results  by 
sowing  with  some  soiling  crop  as  soon  as  plowed,  this  to  be  turned 
under  in  the  fall. 

Many  eastern  growers  find  greatest  profit  in  the  practice  of 
taking  but  one  crop.     The  plants  are  set  in  August,  fruited  the  next 
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June  and  then  turned  under,  bui  here  in  the  west  I  believe  it  best 
to  take  two  crops. 

DESCRIPTION  OP  VARIETIES. 

Annie  Laura.— bisexual.    Originated  with  J.  F.  Beaver,  Montgomery  county, 

Ohio. 

The  plants  are  of  good  size  and  vigor,  forming  sufficient  runners  and  young 
plants.  The  leafstalks  are  short  and  stout,  the  leaflets  are  medium  to  large, 
broad,  rather  thin,  coarsely  toothed,  pale  to  dark  screen  in  color.  The  bloom  is 
not  abundant,  the  flowers  are  very  large,  the  petab  are  often  over  five  in  num- 
ber, the  stamens  are  large  and  well  formed. 

The  berries  are  large,  short,  blunt-conic  to  oblate,  scarlet,  with  glossy  sur- 
face, slow  in  coloring  at  tips,  inferior  in  quality  and  yield. 

First  bloom  19th  to  22d,  and  the  last  bloom  about  the  28th  of  May.  First 
ripe  berries  about  June  19th.  and  the  last  picking  July  12th. 

With  us  this  is  a  poor  variety. 

Aroma. — bisexual.    Originated  with  E.  W.  Cruse,  Leavenworth,  Kansas. 

The  variety  is  a  healthy,  vigorous  grower,  of  medium  habit,  setting  runners 
very  freely.  The  leaflets  are  large,  broad-oval,  closely  notched,  dark  green  in 
color.  The  trusses  are  medium  to  long,  stout,  upright,  with  but  few  branches, 
and  these  produce  but  scant  bloom.  The  flowers  are  large,  the  petals  are  often 
over  six  in  number,  and  the  stamens  are  well  formed.  The  calyx  is  sometimes 
slightly  irregular. 

The  berries  are  medium  to>  large,  broad-conic,  uniform  scarlet,  with  flesh 
usually  of  the  same  color  but  sometimes  pink,  quality  fair,  seeds  prominent, 
yield  and  firmness  medium 

First  bloom  May  19th,  abundant  bloom  May  27th.  First  ripe  berries  June 
20th,  last  picking  July  7th. 

The  variety  is  not  promising  with,  us^  but  is  reported  to  be  very  firm  and  of 
good  quality  at  the  Michigan  Station. 

Atlantic. — bisexual . 

This  variety  is  much  like  Seedling  of  Downing,  a  tall,  vigorous  grower,  set- 
ting runners  abundantly.  The  leafstalks  are  long  and  slender,  the  leaflets  are 
medium  to  large,  eliptic-oval.  New  foliage  is  pale,  old  foliage  dark  green,  veins 
deeply  impressed,  trusses  medium  long,  upright,  rather  slenaer,  many- branched, 
bloom  abundant,  flowers  medium  size,  petals  usually  five. 

Berries  large,  short-conic,  light  red  to  scarlet  in  color  but  disposed  to  be 

freen  in  spots,  flesh  white  to  light  scarlet,  seeds  light,  coloring  in  advance  of  the 
esh  and  not  set  in  deep  pits,  quality  good,  firm. 

Blooms  early.    In  1896  it  was  in  full  bloom  on  May  12th  and  one  half  of  the 
blossoms  were  lulled  by  frost.    Normally  first  bloom  May  14th,  abundant  bloom 
May  23d.    First  ripe  berry  June  8-17th,  last  picking  July  8th 
The  variety  is  unproductive  and  unworthy  of  further  trial. 

Barton. — pistillate.    Originated  in  Kentucky  from  seed  of  Longfellow. 

Plants  medium  to  large,  setting  young  plants  freely,  foliage  ample,  leaflets 
broad,  deeply  and  sharply  notched,  inclined  to  be  light  ^een  in  color,  trusses 
medium  long,  fairly  stout,  sometimes  decumbent,  bloom  fairly  abundant,  flowers 
medium  to  small,  usually  with  five  small,  pointed  sepals  ana  five  nearly  round 
petals,  stamens  none,  pistil  light  green. 

Berries  medium  to  large,  broad-conic  with  an  acute  point,  scarlet  color  but 
often  pale  at  tips,  seeds  prominent,  quality  and  yield  good. 

First  bloom  May  12-14th,  abundant  bloom  May  20th.  First  ripe  fruits  June 
lith,  last  picking  July  17th. 

The  variety  is  quite  subject  to>  frost  injury,  but  promises  to  be  medium  to 
{^ood  in  value.  At  the  Georgia  Station  it  ranks  good  in  productiveness,  medium 
m  quality  and  firmness  and  poor  in  vigor. 

Beder  Wood.— bisexual.    Originated  with  Mr.  Beder  Wood,  of  Moline,  111.,  1887. 
This  is  an  early,  vigorous  variety,  producing  plants  in  abundance.    The  leaf- 
stalks are  stout  and  often  over  six  inches  in  length,  the  leaflets  long-ovate  and 
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dark  green,  tarusees  medium  long,  stocky,  holding  the  blosaomB  as  high  as  the 
foliage,  bloom  abundant,  flowers  medium  size,  r^ular,  calyx  rather  small,  with 
narrow,  acute  and  often  reflezed  sepals.  The  stamens  are  numerous  and  well 
developed,  pistils  are  pale  in  color. 

Berries  medium  to  large,  uniform,  nearly  globular  to  short-oblong,  frequently 
with  a  short  neck,  symmetrical,  scarlet  all  over,  seeds  deeply  set,  flesh  light  col- 
ored, quality  excellent,  quite  firm. 

First  bloom  usually  May  li-16th,  abundant  bloom  May  19th.  First  ripe 
berry  June  11th,  full  yield  June  2l8t,  last  picking  July  10th. 

Although  blooming  early,  it  is  but  sligntly  injured  by  frost.  We  regard  this 
as  one  of  our  most  valuable  varieties,  especially  desirable  as  a  pollinizer  for  War- 
field  and  other  pistillates.  It  ranks  well  in  value  at  the  Kansas,  Michigan,  Mon- 
tana and  New  York  Stations,  but  is  reported  poor  in  quality,  firmness  and  vigor 
at  the  Greorgia  Station. 

Belle  of  LaCr055e.~bisexual.    Originated  with  M.  T.  Crawford,  Ohio. 

This  is  a  strong  and  vigorous  grower,  blooming  freely  but  not  setting  many 
plants.  It  is  well  adapted  to  hill  culture.  The  plants  are  large  with  broad 
crowns,  leaflets  medium  to  large,  light  to  medium  green,  leafstalks  medium  to 
long,  stout,  trusses  medium  long,  stout,  upright,  producing  many  blossoms  and 
berries,  flowers  small  to  medium,  petals  usually  five  but  often  with  an  incom- 
plete and  undeveloped  inner  circle. 

Berries  medium  size,  conic,  pointed,  light  scarlet  shaded  with  crimson,  flesh 
scarlet,  seeds  deeply  set  in  irregular  pits,  quality  good,  acid,  firm,  yield  abundant. 

First  bloom  May  12-17th,  abundant  bloom  May  24th.  First  ripe  berry  June 
13-14th,  first  picking  July  Ist,  good  picking  July  7th,  last  picking  July  15th. 

This  variety  is  a  late  bloomer,  but  little  injured  by  frost  and  is  valuable  with 
us.    It  is  regarded  valuable  at  th«  Michigan  Station. 

Bessie.— pistillate. 

Plants  medium  to  large,  vigorous,  light  to  dark  green  in  color,  foliage  healthy, 
leafstalks  erect,  leaflets  medium  to  large,  long-ovate,  trusses  long,  bloom  scant, 
flowers  medium  size,  petals  five,  stamens  none. 

Berries  small  to  medium,  conic,  hull  with  difiiculty,  color  deep  red  including 
flesh,  firm. 

First  bloom  the  17th,  abundant  bloom  the  28th  of  May.  First  ripe  fruit  June 
11th,  first  picking  June  13th,  last  July  2d. 

An  excellent  variety  in  growth  and  vigor  but  too  unproductive  with  us  to  be 
of  value.  It  is  reported  fairly  vigorous,  productive  and  of  good  quality  and  firm- 
ness at  the  Michigan  Station. 

Beverly. — bisexual.    Originated  with  Benj.  M.  Smith,  Beverly,  Mass. 

This  is  a  second  early  sort,  ripening  with  Warfield.  It  is  a  vigorous  grower 
of  medium  habit,  leaflets  dark  green  in  color,  medium  to  large,  broad,  serrations 
deep,  acute  and  usually  overlapping,  trusses  long,  upright,  bloom  abundant, 
flowers  medium  size,  petals  five,  symmetrical,  sometimes  with  a  defective  inner 
circle,  stamens  rather  small,  numerous  and  well  developed,  pistils  pale  green. 

Berries  medium  size,  globular  to  conic,  seeds  deeply  set,  surface  rough, 
crimson,  a  little  tardy  in  coloring  at  tips,  quality  good,  acid,  yield  fair  to  good. 

First  bloom  12-18th,  abundant  bloom  24th  of  Mav.  First  ripe  berries  June 
15-19th,  first  picking  June  20th,  best  June  27th,  last  July  10th. 

Variety  of  medium  value  with  us  and  so  reported  from  the  Georgia  and 
Michigan  Stations. 

BIsel.— pistillate. 

Plants  vigorous,  medium  in  size,  leaflets  rather  small,  broad,  dark  green, 
trusses  large,  stout,  Ijloom  sufficient. 

Berries  small,  conic  with  sharp  apex,  crimson,  tip  lighter,  core  slightly 
cartilaginous,  yield  only  fair. 

First  bloom  May  19th,  abundant  bloom  May  24th.  First  ripe  fruits  June 
l9th,  last  picking  July  2d. 

So  far  the  variety  has  done  poorly  with  us.  It  is  reported  very  favorably 
from  the  Montana  Station  but  much  less  so  from  Georgia.  r^^^^T^ 
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Boynton.— pistillate.    Originated  in  N.  T.,  probably  a  cross  between  Crescent 

and  Shaxpless. 

While  ranking  as  a  pistillate  it  is  apparently  capable  of  self  fertilization.  It 
is  a  vigorous  variety,  forms  plants  abundantly,  leafstalks  medium  to  long, 
■lender,  leaflets  medium  size,  oblong,  deeply  and  sharply  toothed,  medium  to 
dark  green,  trusses  medium  to  long,  ascending,  branches  short,  bloom  abundant, 
flowers  small  to  medium,  petals  usually  five,  round  but  sometimes  pointed,  not 
knbricate,  stamens  more  developed  than  with  most  pistillate  varieties  but  still 
rudimentary. 

The  berries  are  much  of  the  Crescent  type  and  character,  medium  size,  short- 
eonic,  scarlet,  flesh  light,  core  somewhat  cartilaginous,  quality  good,  acid,  flesh 
flrm,  yield  ffood. 

First  bloom  May  12-15th,  full  bloom  May  20th.  First  ripe  fruit  June  10th, 
flrst  picking  June  13th,  full  picking  June  26th,  last  picking  July  13th. 

The  chief  fault  of  this  variety  is  that  the  berries  become  very  small  towards 
the  close  of  the  season.  Although  inclined  to  be  soft,  it  is  reported  very  favorably 
from  the  Kansas  and  the  Minnesote  Stations.  At  the  latter  Station  it  does  best 
in  hill  culture. 

Brandy  wine. — bisexual.    Originated  in  Eastern  Pennsylvania.    Supposed  to  be 

a  cross  between  Glendale  and  Cumberland. 

The  plant  is  of  rather  low  habit,  forming  young  plants  abundantly.  The 
leafstalks  are  short  and  stout,  the  leaflete  large  and  broad,  dark  green  in  color, 
trusses  medium  length,  stout,  bloom  production  medium,  anthers  numerous, 
large  and  well  formed. 

Berries  large,  broad-conic,  crimson,  flesh  ditto,  slightly  cartilajginous. 

First  bloom  May  18-22d,  abundant  bloom  ^ay  29th.  First  ripe  berry  June 
21st,  last  July  12th. 

This  is  a  variety  of  but  medium  value  here.  It  is  reported  very  favorably 
from  the  Georgia  and  the  Michigan  Stations,  fairly  well  from  Pennsylvania,  but 
very  poorly  from  Montena. 

Bubacli  (No.  5).— pistillate.    Originated  with  J.  G.  Bubach,  Princeton,  111. 

The  plants  are  vigorous,  leafstelks  medium  to  lon^,  leaflets  large,  broad, 
coarsely  and  abundantly  toothed,  frequently  with  small  interposed  serrations, 
dark  green,  trusses  not  numerous,  medium  length,  bloom  scant,  flowers  fair  size, 
often  quite  irregular. 

Berries  medium  to  large,  conic,  flattened  at  tips,  colored  well  into  the  flesh 
but  not  uniformly  on  the  surface,  firm,  seeds  deeply  set,  quality  fair,  yield  poor. 

First  bloom  May  19th,  abundant  ^th.  First  ripe  berry  June  15th,  last  July 
10th. 

The  variety  is  reported  poorly  from  the  Greorgia  Stetion,  but  quite  favorably 
from  the  Kansas,  Michigan,  Montana  and  Pennsylvania  Stations  and  from 
Sheridan  and  Lander  in  Wyoming. 

Capt.  Jack.— bisexual.    Originated  in  Missouri  with  a  Samuel  Miller. 

The  variety  is  a  vigorous  grower,  producing  plants  in  great  abundance.  The 
leafstalks  are  short  and  stout,  the  leaflets  are  medium  size,  broad-oval,  dark 
green,  leathery,  notches  equal  and  similar,  main  axes  of  trusses  stout  and  upright, 
branches  long  and  spreading,  bloom  abundant  and  held  above  the  foliage, 
flowers  medium  size,  broadly  expanded,  petels  usually  five,  round,  flat,  stamens 
numerous  and  well  developed. 

Berries  light  crimson,  regular  conic  form,  size  medium,  color  uniform,  flesh 
lighter,  quality  fair  to  good,  a  good  shipper,  quite  productive. 

First  bloom  May  l2-17th,  abundant  bloom  May  20th.  First  ripe  berry  June 
6-lOth,  full  picking  June  20-27th,  last  picking  July  10th. 

This  is  a  good  early  to  mid-season  variety,  but  the  berries  become  too  small 
later.  It  is  an  excellent  poUenizer  and  is  reported  quite  favorably  from  Kansas 
and  Wyoming. 

Carrie.— pistillate.    A  seedling  of  Haverland. 

Plants  large  and  vigorous,  reproducing  sufficiently.  The  leafstelks  are  stout, 
leaflets  medium  to  large,  dark  green,  leathery,  trusses  long,  ascending,  bloom 
abundant,  flowers  medium  size,  stamens  large  for  a  pistillate  variety.>  t 
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Berries  resemble  Haverland  but  are  oonsiderably  larger,  scarlet,  firm,  quality 
excellent. 

First  bloom  May  19th,  abundant  bloom  May  2(>-26th.  First  ripe  fruits  Juno 
20-23d,  last  July  2d. 

We  consider  this  variety  worthy  of  further  trial.  It  is  reported  favorably 
from  Michigan  and  Pennsylvania. 

Cornelia.— bisexual. 

This  variety  appears  to  be  exactly  like  Glendale. 

First  bloom  May  12th,  full  bloom  May  25th.  First  ripe  fruits  June  17th, 
first  picking  June  22nd. 

Reported  favorably  from  Michigan  and  Pennsylvania. 

Crawford.— bisexual.    Originated  with  M.  T.  Crawford,  Ohio. 

The  variety  lacks  vigor,  producing  but  few  plants.  It  has  done  too  poorly 
to  be  worthy  of  description  or  further  trial  by  us. 

Crescent.— pistillate. 

Plants  of  medium  habit,  very  healthy  and  hardy,  setting  runners  abundantly. 
The  leafstalks  are  slender,  leaflets  long,  frequently  with  two  series  of  notches 
of  very  different  size,  color  dark  green,  trusses  medium  length,  bloom  abundant, 
flowers  small  to  medium,  petals  five,  stamens  rudimentary. 

Berries  medium  size,  conic  with  prolonged  point,  colored  well,  quality  fair, 
acid,  core  somewhat  cartilaginous,  firmness  and  productiveness  good. 

First  bloom  May  12-16tn,  abundant  bloom  May  22d.  First  ripe  berry  June 
7-15th,  first  picking  June  15-20th,  full  picking  June  27th,  last  July  10th. 

The  small  size  of  the  fruit,  especially  late  in  the  season,  is  its  chief  fault.  It 
is  reported  very  vigorous  and  productive  and  of  good  quality  and  firmness  from 
Georgia,  Kansas,  Michigan,  Montana  and  Wyoming. 

Cumberland. —bisexual. 

Plants  large,  vigorous,  setting  young  plants  in  sufScient  numbers.  The  leaf- 
stalks are  short  and  stout,  the  leafiets  broad,  roundish,  bluntly  toothed,  medium 
dark  green,  trusses  short  to  medium,  stout,  rays  slender,  bloom  sufficient, 
fiowers  medium  size,  petals  round,  stamens  well  formed. 

Berries  large,  short-conic  to  nearly  globular,  pale  red,  fiesh  light,  hulls  easilv 
detached,  appearance  neat  and  smooth,  quality  excellent,  rather  soft,  yield  gooa. 

First  bloom  May  15th,  abundant  bloom  May  26th.  First  ripe  fruits  June 
&-12th,  first  picking  June  8-14th,  full  picking  June  20-27th,  last  July  17th. 

The  variety  is  but  slightly  subject  to  frost  injury.  It  is  reported  fair  in 
Georgia,  good  in  Kansas  and  very  good  at  Sheridan,  Wyoming. 

Edgar  Queen.— pistillate. 

The  plants  are  large  and  vigorous  with  abundant  foliage,  leafstalks  are  long 
and  stout,  leafiets  medium  to  large,  broad-ovate,  medium  shade  green,  teeth 
deep  and  sharp,  trusses  long,  upright,  stout,  bloom  very  abundant,  flowers 
medium  size,  petals  six  or  more,  frequenty  the  inner  petals  forming  rudimentary 
stamens. 

Berries  medium  to  large,  globular,  scarlet  but  not  uniformly  colored,  quality 
fair  to  poor. 

First  bloom  May  22d,  abundant  bloom  May  29th.  First  ripe  fruits  June 
18th,  full  picking  June  27th,  last  July  12th. 

The  variety  is  a  late  bloomer  but  has  the  fault  of  light  color,  the  fruit  being 
green  in  spots.  Many  berries  failed  to  develop.  It  is  reported  very  favorably 
from  Georgia  and  Michigan  but  only  fairly  so  from  Montana. 

Edwards'  Favorite.— bisexual.    Probably  a  seedling  of  Jueunda. 

Plants  small  to  medium  size,  vigorous,  producing  runners  freely.  The  leaf- 
stalks are  short  and  very  strong,  leaflets  ample,  light  glossy  green,  medium  size, 
short,  broad -ovate,  serrations  broad  and  rounded,  trusses  medium  length  and 
thickness,  upright,  bloom  abundant,  flowers  medium  to  large,  petals  usually  five 
but  often  more,  frequently  curled,  pollen  sufficient,  calyx  adherent. 

Berries  especially  beautiful,  large,  uniform  size,  short-conic,  smooth,  bright 
scarlet,  seeds  light  color,  fiesh  firm. 
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First  bloom  May  10-16th,  full  bloom  May  2lBt  First  ripe  berry  June  15th, 
full  picking  June  2()-27th,  last  July  17th. 

The  variety  is  an  early  bloomer.  It  is  reported  very  favorably,  except  in 
vigor,  from  the  Michigan  Station. 

Enhance.— bisexual. 

Plants  medium  to  lar^e,  vigorous,  medium  to  light  green,  leafstalks  long 
slender,  erect,  leaflets  medium  size,  oval,  teeth  long  and  sharp,  trusses  short  to 
medium,  bloom  abundant,  flowers  large,  petals  usually  more  than  five,  irregularly 
arranged,  stamens  well  formed. 

Berries  medium  size,  crimson,  tips  slow  in  coloring,  badly  ribbed  and  irregular, 
sour.  firm. 

First  bloom  May  10-15th,  full  bloom  May  12-23d.  First  rine  berries  June 
10-15th,  first  picking  June  15-20th,  full  picking  June  27th,  last  July  17th. 

The  variety  is  ^tter  for  hill  culture  than  for  growing  in  matted  rows.  It  is> 
of  low  value  with  us,  although  it  is  a  fairly  good  fertilizer  for  Bubach.  It  is  re- 
ported very  favorably  from  Georgia  and  Michigan  and  fairly  so  from  Montana. 

Eureka.— pistillate.    Originated  with  Qeo.  Townsend,  Soneham,  Ohio,  1881. 

Plants  small  to  medium,  producing  sufficient  young  plants,  leafstalks  long 
and  fairly  strong,  leaflets  medium  size,  broad  to  long-ovate,  deeply,  sharply  and 
irregularly  notched  and  medium  to  dark  green,  trusses  irregular  in  length,  usu- 
ally long  and  but  little  branched,  mostly  prostrate  when  loaded  with  fruit,  bloom 
abundant,  flowers  small  to  medium,  petals  five  to  six,  usually  more,  stamens  un- 
developed. 

Berries  large,  scarlet  to  crimson,  pink  flesh,  conic,  frequently  irregular  in 
form  and  slow  in  coloring  at  tips,  quality  good,  acid,  flrm,  yield  fair  to  good.  • 

First  bloom  May  18-20th,  full  bloom  Mav  26th.  First  ripe  berry  June 
13-17th,  !ull  crop  June. 27th  to  July  6th,  last  picking  July  17th. 

The  variety  is  late  in  blooming  and  ripening.  It  is  of  medium  value  with 
us.    In  Southern  California  it  ranks  low  in  bearing  and  in  growth  of  vine. 

Qandy  .—bisexual. 

Plants  large  and  vigorous,  do  not  run  freely,  best  adapted  to  hill  culture. 
Leafstalks  very  stout,  leaflets  large,  long-ovate,  coarsely  toothed,  medium  to  dark 
green,  trusses  long  and  stout,  bloom  abundant,  flowers  large,  petals  often  more 
than  flve  and  frequently  folded  and  irregular  in  appearance,  stamens  well  de- 
veloped, calyx  large  and  reflexed. 

Berries  large,  irregular,  short-conic,  frequently  with  a  short  neck,  color 
bright  scarlet,  sometimes  slow  in  coloring  at  tips,  flesh  light  colored,  seeds  promi- 
nent, quality  fair  to  good,  firm. 

First  bloom  May  17th,  abundant  bloom  May  26th.  First  ripe  berry  June 
18-21st,  full  picking  June  26th  to  July  7th,  last  July  15th. 

The  variety  is  late  in  blooming  and  ripening  and  is  of  but  moderate  value. 
It  is  reported  most  unfavorably  from  Georgia,  moderately  favorably  from  Kansas, 
and  very  favorably  from  Michigan,  Montana,  New  York,  Pennsylvania  and 
Sheridan,  Wyoming. 

Qlendale.- bisexu  al. 

Variety  of  tall  habit,  light  green  color,  vigorous,  produces  sufficient  young 
plants,  leafstalks  long,  carrying  the  leaves  frequently  eight  to  twelve  inches  high, 
leaflets  eliptical  or  oblong,  finely  serrate,  trusses  very  long,  bloom  abundant, 
flowers  medium  to  large,  petals  usually  five  but  occasionally  numerous,  stamens 
fairly  numerous  and  well  developed,  the  first  flower  of  each  truss  usually  more  or 
less  compound. 

First  bloom  May  19th,  abundant  bloom  May  27th.  First  ripe  fruit  June 
20-25th,  full  picking  June  20th  to  July  6th,  last  July  17th. 

The  variety  is  like  Seedling  of  Downing.  It  is  of  but  little  value  here.  The 
Kansas  Station  reports  it  very  unproductiye. 

Green  vllle. —pistillate. 

Plants  large,  dark  green,  vigorous,  forming  full  matted  row,  leafstalks  tall, 
leaflets  large,  broad,  dark  green,  often  streaked  with  light,  sometimes  curled 
slightly,  coarsely  notched,  trusses  medium  long,  stout,  bloom  sufficient,  flowers 
small  to  medium,  petals  five  to  six,  stamens  none. 
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Berries  medium  to  large,  broad-oonic,  sjrmmetrical,  crimsoD,  fleah  colored, 
quality,  flrmnesB  and  yield  good. 

First  bloom  May  16th,  abundant  bloom  May  22d.  First  ripe  berry  June 
ll-lSth,  first  picking  June  13-15ih,  full  picking  June  a0-27th,  last  July  17th. 

This  is  one  of  our  best  medium  to  late  varieties.  It  is  reported  unfavorably 
from  Qeorgia,  Montana  and  Southern  California  Stations,  but  quite  favcNrably 
from  New  York  and  Michigan. 

Odd.— pistillate.    Originated  with  P.  M.  Angar  &  Sons,  Conn.,  1880. 

Plants  medium  size,  pale  yellowish  color,  lacking  in  vigor.  Leafstalks 
medium  length,  somewhat  drooping,  leaflets  medium  size,  broad-oval,  trusses 
short,  stout,  bloom  sufficient,  flowers  small,  petals  usually  five  with  occasionally  a 
partial  inner  circle. 

Berries  medium  to  large,  short-conic,  scarlet,  flesh  ditto,  quality  fair  to  good 
yield  poor. 

First  bloom  May  12th,  full  bloom  May  22d.  First  ripe  berry  June  16th, 
flrst  picking  June  17th. 

The  variety  is  not  a  success  under  our  conditions.  It  is  reported  quite  un- 
favorably from  Georgia  and  Sheridan,  Wyoming. 

Gov.  Hoard.— bisezuaL    Originated  in  Wisconsin,  a  seedling  of  Sharpless. 

The  plants  are  large  and  quite  reproductive.  The  leafstalks  are  long  and 
stout,  leaflets  large,  broad-ovate,  medium  green,  trusses  medium  length,  stout, 
bloom  abundant,  flowers  large,  petals-usuafly  flve,  stamens  well  formed. 

Berries  medium  size,  short-conic  with  neck,  red  all  over,  flesh  colored  well  in, 
only  fair  in  quality,  flrmness  and  yield. 

First  bloom  May  12th,  flrst  picking  June  17th. 

Subject  to  frost  injury,  of  no  value  on  our  grounds.  Reported  quite  favor- 
ably from  the  Michigan  Station. 

Qypsy  .—pistillate. 

Plants  of  low  habit,  forming  a  thickly  matted  row.  Leafstalks  short  and 
stout,  leaflets  broad,  coarsely  toothed,  dark  green  in  color,  trusses  short  to 
medium,  bloom  sufficient,  flowers  small  to  medium,  petals  usually  five,  stamens 
none. 

Berries  medium  size,  short,  round-conic,  very  symmetrical,  uniform  deep 
crimson  color,  flesh  ditto,  quality  excellent,  flrm,  yield  medium. 

First  bloom  May  16-18th,  abundant  May  21st,  full  bloom  May  25th.  First 
ripe  berry  June  5-lith,  flrst  picking  June  ll-15th,  full  picking  June  20-27th,  last 
July  l-2th. 

We  consider  this  an  excellent  variety  and  worthy  of  further  trial.  It  is  re- 
ported very  favorably  from  Michigan,  but  at  the  Kansas  S*'ation  is  said  to  be  a 
complete  failure. 

Haverland.— pistillate. 

Plants  of  medium  size,  healthy  and  fairly  vigorous  although  somewhat  sub- 
ject to  leaf -curl.  Forms  a  poor  stand  in  matted  row.  Leafstalks  are  medium 
lonp,  leaflets  medium  to  large,  rather  broad,  sharp  toothed,  medium  shade  green, 
trusses  short  to  medium,  more  or  less  prostrate  with  twelve  to  sixteen  blooms  per 
truss,  flowers  small,  parts  arranged  in  plan  of  five,  stamens  none. 

Berries  very  long  with  a  neck,  light  scarlet,  flesh  ditto,  quality  very  good, 
yield  good. 

The  trusses  are  not  strong  enough  to  support  the  fruit.  The  calyx  is  some- 
what reflexed. 

First  bloom  May  8th,  abundant  bloom  May  18th,  full  bloom  May  21st.  First 
ripe  berries  June  5th,  first  picking  8-lOth,  full  picking  27th,  last  picking  July  10th. 

Although  the  blossoms  and  leaves  are  somewhat  subject  to  frost  injury  we 
regard  this  as  one  of  our  best  early  varieties.  It  is  reported  unfavorably  from 
Georgia  though  auite  productive,  fairly  well  from  Kansas  and  Montana,  and  quite 
favorably  from  Michigan,  New  York  and  Sheridan,  Wyoming. 

Her^ey.— bisexual.    Originated  with  Samuel  Hersey,  Hingham  Mass. 

Plants  are  of  large  and  vigorous  habit,  reproducing  abundantly.    The  leaf- 
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stalks  are  short  aod  stout,  the  leaflets  large,  elliptical,  teeth  short  and  sharp, 
trusses  long,  bloom  sufficient,  anthers  numerous  but  often  poorly  developed. 

Berries  large,  long-cooic  with  neck,  color  good,  yield  poor. 

First  bloom  May  17-19th,  abundant  bloom  May  28th.  First  ripe  berry  June 
20th,  best  yield  June  28th,  last  July  12th. 

The  variety  is  unworthy  of  further  trial  here.  It  is  reported  unproductive  at 
the  New  York  Station. 

Ironclad.— bisexual. 

Plants  are  of  low  habit,  vigorous,  reproducing  fairly  well.  The  leafstalks 
are  short  and  stout,  leaflets  oval  or  braad-ovate,  glossy  dark  green  color,  trusses 
medium  length,  stout,  bloom  abundant,  flowers  small  to  medium,  petals  five, 
stamens  numerous  and  well  developed. 

Berries  small  to  medium,  conic  with  tips,  color  dark  red,  flesh  ditto,  quality 
good,  firm,  yield  low. 

First  bloom  May  13th,  abundant  bloom  May  19th.  First  ripe  berry  June 
13th,  first  picking  17th,  full  picking  June  20-27th,  last  July  12th. 

The  variety  will  be  discarded  as  unworthy. 

Ivanhoe. — bisexual.    Originated  in  Southern  Ohio  with  Qeo.  W.  Trowbridge,  of 

Hamilton  county. 

Plants  thrifty,  foliage  ample,  leathery,  dark  green,  blossoms  medium  size. 

Berries  large,  conic,  symmetrical,  colored  well,  quality  excellent  but  with  a 
slight  core. 

First  bloom  May  21st,  abundant  bloom  May  25th.  First  ripe  berrv  June  2(yth. 

This  is  a  promising  variety  here.  It  is  reported  favorably  from  the  Montana 
Station. 

Jay  Qould.— pistillate.    Originated  in  Eastern  Ohio,  1887. 

The  plants  are  of  medium  size  and  color,  trusses  medium  long,  bloom  scant, 
flowers  medium  to  large,  showy,  petals  five  to  eight  in  a  single  circle. 

Berries  small,  round-conic,  crimson,  fiesh  lighter,  much  like  Gypsy  in  form, 
color  and  flavor,  but  smaller. 

First  bloom  May  16th,  abundant  bloom  May  24th.  First  ripe  berry  June 
14th.  last  picking  July  12th. 

Variety  undesirable  here.  Reported  very  favorably  from  the  Michigan 
Station  but  unfavorably  from  the  Montana  Station.  . 

Jessie. — bisexual — pistillate.    Originated  with  Jas.  W.  Loudon,  Janesville,  Wis. 

Plants  very  large  and  vigorous,  producing  young  plants  freely.  Leafstalks 
long,  leaflets  very  long,  teeth  large  and  irregular,  medium  ^een,  trusses  long  and 
stout,  bloom  abundant.  We  have  two  stains  of  the  variety.  The  flowers  are 
large  in  the  perfect-blossomed  strain  and  small  in  the  pistillate.  Both  strains 
are  very  productive  of  large  berries,  the  earliest  of  which  are  often  flattened  and 
slow  in  coloring  at  tips. 

Berries  light  scarlet,  flesh  lighter,  quality  good,  calyx  large,  seeds  prominent, 
quite  flrm. 

First  bloom  12-14th,  abundant  bloom  May  23-24th.  First  ripe  berry  June 
10-12th,  last  picking  July  17th. 

Thexlevelopment  of  the  pistillate  strain  is  slightly  in  advance  of  the  stami- 
nate.  The  chief  fault  of  the  variety  is  the  uneven  ripebing  of  the  first  fruits. 
At  the  Southern  California  Station  it  ranks  low  in  production  and  growth  of  vine, 
at  the  Kansas  Station  very  low  in  production,  at  the  Georgia  Station  it  is 
regarded  as  a  good  variety  for  amateur  culture  only,  and  in  Wyoming  it  is  not 
very  successful,  but  is  reported  very  favorably  from  the  Michigan  Station. 

Jiicunda«— bisexual. 

Plants  large,  medium  green,  leaflets  large  and  long,  trusses  long,  bloom 
abundant,  flowers  large,  petals  usually  five  but  frequently  numerous  in  a  single 
circle,  stamens  well  developed. 

Berries  large,  conic,  frequently  ribbed  and  irregular,  quality  fair,  acid,  yield 
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First  bloom  Mav  12,  full  bloom  May  22d.  First  ripe  berry  June  12th,  first 
picking  June  13th,  last  July  15th. 

The  variety  was  not  a  success  here. 

Jucunda  Improved.— bisexual.     Originated   with  A.  B.   Gerbert,  of    Eastern 

Pennsylvania.    Probably  a  seedling  of  Jucunda. 

The  variety  forms  a  thick  mat  of  rather  small  plants,  leaflets  broad,  medium 
green,  bloom  production  fair,  flowers  large,  petals  usually  six  to  seven  but  some- 
times more,  stamens  well  developed. 

Berries  a  little  broader  than  Jucunda,  very  large,  crimson,  surface  smooth, 
short-conic,  symmetrical,  flesh  pink,  quality  good,  firm,  yield  low. 

First  bloom  May  19th,  abundant  bloom  May  29th.  First  ripe  berry  June 
18-20th,  full  picking  June  27th,  last  picking  July  17th. 

The  variety  rusts  badly  and  is  of  little  value  here.  It  is  reported  very  un- 
favorably from  Qeorgia  but  quite  favorably  from  Wyoming. 

Jumbo. — bisexual. 

A  variety  of  the  Sharpless  type.  Plants  medium  to  large,  medium  vigor, 
fairly  productive,  leafstalks  stout,  medium  to  lone,  leaflets,  large  and  broad-oval, 
deeply  and  shar^lv  toothed,  medium  green  in  color,  trusses  medium  long  and 
medium  stout  with  spreading,  ascending  branches,  bloom  production  medium, 
flowers  medium  to  large,  petals  usually  six  to  ten,  all  somewnat  curled,  stamens 
imbricate  and  well  developed. 

Berries  large  to  very  large,  oblong  or  somewhat  rectangular,  disposed  to  be 
irregular  in  form,  color  bright  scarlet  but  slow  in  coloring  at  the  tips,  flesh  nearly 
the  same  color,  core  somewhat  stringy,  quality  fair,  firmness  and  production 
medium. 

First  bloom  May  9-12th,  full  bloom  May  2(yth.  First  ripe  berry  June  15-18th, 
first  picking  June  19-20th,  full  picking  June  26th,  last  July  8th. 

This  id  a  variety  of  strictly  medium  value  here. 

Lady  Rusk.— pistillate. 

The  plants  are  large,  running  freely  and  making  a  full  matted  row.  The* 
leafstalks  are  long  and  stout,  leaflets  medium  to  large,  long-ovate,  rather  unevenly 
toothed,  medium  to  dark  green,  trusses  medium  to  long,  moderately  stout,  bloom 
production  moderate,  flowers  small  to  medium,  petals  normally  flve,  usually  with 
undeveloped  inner  circle  of  two  or  three,  stamens  quite  well  developed  for  a 
pistillate  variety. 

Berries  medium  size,  short,  surface  uneven  and  often  more  or  less  ribbed, 
dark  crimson,  tips  slow  in  ripening,  flesh  yellowish  pink,  core  soft  or  cartilaginous, 
quality  and  yield  fair. 

First  bloom  May  14-18th,  abundant  bloom  May  21-23d.  First  ripe  berry 
June  ll-17th,  first  picking  June  17-20th,  full  picking  June  27th,  last  picking 
July  10th. 

The  plants  and  fruit  much  resemble  the  Crescent,  although  the  fruit  is  more 
irregular  in  shape.  It  is  a  variety  of  medium  value  here.  It  has  done  fairly 
well  in  Kansas  and  Wyoming. 

Lady  Thompson.— bisexual. 

Plants  of  medium  habit,  setting  runners  freely,  large,  vigorous,  dark  green, 
bloom  sufficient,  fiowers  large,  stamens  well  formed. 

Berries  fair  size,  symmetrical,  conic,  often  gemmate  or  twined,  quality  fair, 
yield  ^ood. 

First  bloom  May  22d,  abundant  bloom  May  25th.  First  ripe  berry  June  19th, 
last  picking  July  2d. 

The  variety  is  only  moderately  promising.  It  has  done  fairly  well  at  the 
Qeorgia  Station,  but  is  pronounced  a  failure  in  New  York,  Ohio  and  Southern 
California. 

Leader. — bisexual.    Originated  in  Reading,  Mass. 

Plants  of  medium  habit  and  vigor,  producing  young  plants  in  sufficient 
number.  Leafstalks  short,  leaflets  medium  to  large,  medium  green,  nearly 
round,  small  serrations  frequently  occurring  between  the  larger  ones,  trusses 
medium  long,  stout,  bloom  production  medium,  flowers  large  and  showy,  calyx 
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large,  sepals  and  petals  usually  exceeding  the  normal  number,  stamens  numer- 
ous and  well  developed,  pistils  ditto. 

Berries  large,  broad-conic  and  symmetrical  but  quite  small  after  the  first  few 
picking,  deep  scarlet,  flesh  ditto,  seeds  prominent,  crimson,  firm,  quality  good, 
acid^ield  good. 

First  bloom  May  16,  abundant  bloom  May  21st.  First  ripe  berry  June 
ll-16th,  first  picking  June  15-20th,  full  picking  June  27th,  last  July  10. 

The  berries  much  resemble  Warfield  in  shape  and  color.  The  plants  have 
not  been  thoroughly  healthy  with  us  and  were  somewhat  injured  by  frost  in 
1896.  Reported  inferior  in  production  and  flavor  in  Southern  California,  but 
very  favorably  except  in  vigor  at  the  Michigan  Station. 

Llda.— pistillate.    Originated  with  Wm.  Parry,  N.  J.,  from  seed  of  Chester. 

Plants  large  and  vigorous,  reproducing  freely,  leafstalks  medium  to  long, 
stout,  leaflets  medium  size,  broaa-ovate,  dark  green,  trusses  medium  to  long, 
bloom  fairly  abundant,  flowers  medium  size,  petals  five,  many  stamens  fairly 
developed. 

Berries  large,  short-conic  or  globular  with  a  smooth  surface,  uniform  light 
scarlet,  flesh  paler,  quality  good  to  excellent,  a  little  soft,  yield  good. 

First  bloom  May  1<>-I2th,  full  bloom  May  21-28th.  First  ripe  berry  June 
12th,  first  picking  June  13th. 

It  is  reported  low  in  vigor  and  production  from  Kansas  and  but  slightly 
better  from  the  Michigan  Station. 

Loudon.— bisexual. 

Plants  large  but  rather  low  in  habit,  a  good  plant  producer,  leafstalks 
medium  long,  stout,  sharply  and  unevenly  toothed,  light  green,  trusses  medium 
to  long,  stout,  bloom  sufQcient,  flowers  large,  petals  usually  five  but  sometimes 
six  or  more,  stamens  well  formed. 

Berries  large,  broad -conic,  nearly  globular,  crimson  but  sometimes  not  uni- 
formly so,  flesh  pale,  quality  fair  to  good,  firm,  calyx  large  and  conspicuous. 

First  bloom  May  iOth  or  earlier,  abundant  bloom  May  12-19th.  First  ripe 
fruits  June  13-17th,  full  picking  June  20-26th,  last  July  8th. 

Variety  of  medium  value.    Reported  very  unfavorably  from  Greorgia. 

Lx>ui8a.— bisexual.    Oris^inated  with  Nicholas  Hallock,  of  New  York.  Introduced 

by  W.  A.  Burpee,  1888. 

Plants  medium  to  large,  reproducing  but  moderately.  Leafstalks  long, 
medium  strong,  leaflets  large,  coarsely  and  often  unevenly  toothed,  new  leaves 
thin  and  light  green  but  darker  with  age,  flowers  medium  size,  petals  usually 
five,  man^  blossoms  pistillate. 

Berries  very  large,  oblong,  with  neck,  light  scarlet,  flesh  nearly  white,  seeds 
deeply  set,  flavor  excellent,  a  little  soft. 

First  bloom  May  19th,  abundant  bloom  May  26th.  First  ripe  berry  June 
10-15th,  first  picking  June  15th,  full  picking  June  20th  to  July  7th,  last  July 
15th. 

A  very  good  variety.  Reported  low  in  vigor  and  productiveness  at  the 
Kansas  Station. 

Lovett.— bisexual.    Originated  in  Kentucky  in  1885.    Believed  to  be  a  chance 
seedling  of  Crescent  x  Wilson. 

Plants  of  medium  habit,  healthy  but  somewhat  subject  to  leaf  curl,  quite 
reproductive,  leafstalks  medium  long,  stout,  leaflets  medium  size,  thin,  broad- 
ovate,  sharply  and  irregularly  toothed,  medium  to  dark  green,  trusses  short, 
8tout,b]oom  abundant,  flowers  medium  to  large,  petals  usually  five  but  frequently 
six  to  eight,  stamens  medium  and  well  developed,  calyx  large. 

Berries  medium  size,  conic  to  long-conic,  crimson,  quality  good,  acid,  flrm, 
yield  medium. 

First  bioom  May  15-17th,  full  bloom  May  22d.  First  ripe  berry  June  1Q-I4th, 
full  picking  June  20-27th,  last  pick  July  7th. 

A  variety  of  medium  value  here.  Keported  very  unfavorably  from  Georgia, 
but  better  from  Michigan,  Montana  and  Sheridan,  Wyoming.         C^OOoIp 
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Loiiella.— bisexual. 

PlaDts"  large  and  vigorous,  reproducing  abundantly.  Leafstalks  medium 
long,  erect,  stout,  leaflets  large,  long-ovate,  medium  green,  trusses  long  and 
strong,  bloom  abundant,  carried  high,  flowers  large,  petals  five  to  six,  stamens 
well  developed,  pollen  very  abundant. 

Berries  large,  irregular-conic  with  neck,  dark  red,  tips  frequently  green,  flesh 
highlv  oolcMred,  qiiality  good,  acid,  yield  medium. 

BMrst  bloom  May  ifth,  full  bloom  May  21-27th.  First  ripe  berry  June  11th- 
23d,  first  picking  June  15th,  full  picking  June  27th,  last  July  15th. 

flancliester.— bisexual. 

Plants  of  medium  habit,  dark.green,  leathery,  very  like  if  not  identical  with 
Cumberland.  Leafstalks  short  and  stout,  leafiets  large,  broad  to  round,  serra- 
tions short,  blunt  and  irregular,  trusses  medium  long,  bloom  fairly  abundant, 
flowers  medium  to  large,  petals  usually  five,  stamens  well  developed. 

Berries  larse,  broad-conic,  symmetrical,  surface  smooth  and  even,  light 
scarlet,  flesh  li^t,  seeds  prominent,  quality  very  good,  not  firm,  yield  fairly  good. 

First  bloom  May  10th,  full  bloom  May  25th.  First  ripe  fruit  June  ll-14th, 
first  picking  June  2(>-27th,  last  picking  July  15th. 

The  varietv  is  reported  very  productive  at  the  Kansas  Station,but  is  reported 
quite  unfavorably  from  (Georgia  and  from  Sheridan,  Wyoming. 

riargaret* — bisexual.    Originated  with  Jno.  F.  Beaver,  Dayton,  O.,  about  1891, 

from  seed  of  Crawford. 

The  variety  is  a  vigorous  grower  of  medium  habit,  reproducing  fairly  welL 
.  Leafstalks  medium  long,  stout,  leafiets  broad,  coarsely  toothed,  leathery,  trusses 
medium  long,  stout,  bloom  abundant,  fiowers  large,  petals  five  to  nine,  a  good 
pollenizer. 

Berries  large,  broad-conic,  light  crimson  on  exposed  surface,  scarlet  on 
shaded  portions,  flesh  pink  to  white.  Quality  good,  flrm,  yield  fair. 

First  bloom  May  13th,  abundant  bloom  May  22d.  First  ripe  fruit  June  13th, 
flrst  picking  June  20th,  full  picking  June  27th,  last  July  12th. 

A  good  variety,  deserving  of  trial.  It  is  reported  to  be  a  promising  pistillate 
variety  at  the  Pennsylvania  Station. 

Marshall. — bisexual.    Originated  in  Mass.,  introduced  to  the  public  in  1803. 

Variety  medium  to  large,  vigorous,  fairly  reproductive.  Leafstalks  medium 
long,  stout,  leaflets  large,  broad,  irregularly  toothed,  medium  to  light  green, 
spotted  to  some  extent,  trusses  medium  to  long,  stout,  bloom  scant,  flowers  large, 
petals  five  to  seven,  in  one  whorl,  occasionally  some  Id  an  inner  circle. 

Berries  large,  broad-conic,  crimson,  tips  often  greenish,  quality  good. 

First  bloom  May  15th,  full  bloom  May  22nd.  First  ripe  berry  June  13th,  first 
picking  June  30th,  last  July  12th. 

Tms  is  a  promising  variety,  but  it  probably  requires  extra  culture.  It  is  re- 
ported very  favorably  from  the  Georgia  and  Michigan  Stations. 

Michels  Eariy.— bisexual. 

The  variety  is  a  very  vigorous  grower,  of  medium  habit,  setting  plants  and 
bloom  profusely.    It  is  an  excellent  pollenizer. 

Mrs.  Cleveland.— pistillate. 

Plants  large  and  vigorous,  reproducing  abundantly,  leafstalks  stout,  leafiets 
ample,  broad,  coarsely  toothed,  light  green,  trusses  medium  long,  bloom  sufficient, 
fiowers  medium  size,  petals  usually  five,  stamens  none. 

Berries  large,  round-conic,  surface  even,  light  scarlet,  fiesh  light,  quality  ex- 
cellent, slight  core,  firnmess  medium,  yield  good. 

First  bloom  May  13th,  abundant  May  23d.  First  ripe  berry  June  13-15th, 
first  picking  June  16th,  full  picking  June  26th,  last  July  8th. 

An  excellent  kitchen  variety.  It  is  reported  fair  at  the  Kansas  and  good  at 
the  Michigan  Station. 

Monarch.— bisexual. 

The  plants  are  large  and  vigorous,  leafstalks  medium  to  long,  leaflets  small 
to  medium,  ovate,  deeply  notched,  light  green,  trusses  medium  toTlt^D^^^t, 
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bloom  abundant,  flowers  medium  to  large,  petals  five  to  eight,  imbricate,  inner 
ones  frequently  much  like  the  stamens,  stamens  medium  size,  numerous. 

Bernes  large,  conic,  pale  scarlet^  inner  flesh  white,  soft,  quality  good,  yield 
good. 

First  bloom  early,  full  bloom  1896  May  12th,  abundant  bloom  1897  May  27th. 
First  ripe  berry  June  8-16th,  first  picking  June  11th,  last  July  17th. 

While  inclined  to  bloom  early,  the  variety  is  quite  late  in  bearing,  producing 
its  full  crop  the  latter  part  of  June.  The  berries  do  not  ripen  evenly.  Reported 
poorly  from  Georgia. 

Ontario.— bisexual.    Introduced  from  Canada  by  R.  Johnston,  of  New  York,  1885. 

The  variety  is  not  vigorous  nor  productive  of  plants.  Leafstalks  medium 
long,  stout,  leaflets  medium  to  large,  light  green,  few  in  number,  texture  thin, 
tniases  short,  stout,  drooping,  branches  long,  bloom  scant,  flowers  large,  petals 
usually  numerous  and  much  folded,  stamens  well  formed,  calyx  large. 

Berries  medium  to  large,  oblong-conic  or  broader,  scarlet,  flesh  colored, 
quality  good,  yield  medium. 

fHrst  bloom  May  11th,  full  bloom  May  22d.  First  ripe  berry  June  12th,  last 
picking  July  8th. 

The  variety  has  not  done  well.  The  fruit  and  foliage  are  both  subject  to 
frost  injury.  Reported  fairly  well  from  Georgia,  excellent  from  Michigan,  but 
very  unproductive  from  Kansas. 

Parker  Earie.— bisexual.    Originated  1886  with  J.  Nimon  from  "eed  of  Crescent 

X  T.  V.  Munson»s  No.  3. 

Plants  of  medium  size  and  vigor,  reproducing  abundantly.  Foliage  abund- 
ant, leafstalks  long,  erect,  leaflets  frequently  unevenly  notched,  medium  green, 
trusses  medium  lon^,  stout,  many-branched,  sometimes  as  many  as  twenty  per 
truss,  bloom  abuDoant,  flowers  medium  size,  petals  usually  five  well  formed, 
stamens  numerous  and  well  d<^veloped. 

Berries  large,  long-conic,  neck  long,  tips  truncate,  seeds  depressed,  color 
uniform  scarlet,  flesh  lighter,  quality  good,  firm,  yield  excellent,  calyx  reflexed. 

First  bloom  Mav  17th,  full  bloom  May  22-24th.  First  ripe  berry  June  15-19th, 
first  picking  June  20th,  full  picking  June  27th,  last  J  uly  12th. 

This  is  our  very  best  commercial  variety.  It  is  reported  favorably  from 
Georgia  and  very  favorably  from  Michigan,  rather  unfavorably  from  Montana 
and  Wyoming  and  poorly  from  Southern  California. 

Peart. — bisexual.    Originated  in  New  Jersey. 

Plants  of  Crescent  type  but  smaller,  leafstalks  medium  long,  leaflets  small, 
long-ovate,  medium  green,  but  slightly  injured  by  frost,  trusses  short,  bloom 
abundant,  flowers  medium  size,  petals  five,  stamens  well  developed. 

Berries  large, conic,  symmetrical  crimson,  flesh  ditto,  quality  good,  soft,  yield 
good. 

First  bloom  May  12th,  full  bloom  May  22d.  First  ripe  berry  June  10th,  first 
picking  June  15th,  last  July  15th. 

Although  lying  on  the  ground,  these  are  among  our  handsomest  and  best 
berries.    Reported  to  be  lacking  in  vigor  and  yield  in  Georgia  and  Kansas. 

PhUllps.— bisexual.    A  seedling  of  Sharpless. 

Vigorous  until  attacked  by  mildew  and  spot  Leafstalks  medium  to  long, 
slender,  foliage  ample,  medium  to  dark  green,  leaflets  medium  size,  oval,  trusses 
shorter  than  leafstalks,  bloom  scant,  fiowers  very  large,  jMtals  usually  six  to  eight, 
pollen  abundant  for  a  number  of  flowers. 

Berries  large,  conic,  truncate,  badly  ribbed,  unevenly  crimson,  quality  poor. 

First  bloom  May  19th,  fuU  bloom  May  24th.  First  ripe  berry  June  20th,  last 
June  26th. 

Not  a  promising  sort  Reported  favorably  from  the  Michigan  Station  and 
from  Greorgia,  when  grown  with  Parker  Earle. 

Princefts.— pistillate.    Originated  in  Minnesota. 

A  low,  vigorous  grower  resembling  Pearl,  although  somewhat  earlier  and  the 
fruit  more  nearly  globular.    Plants  small  to  medium,  leafstalks  short,  leaflets 
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medium  size,  broad,  medium  to  dark  green,  truss  axes  short  to  medium,  bloom 
production  fair,  flowers  small  to  medium,  petals  not  imbricate. 

Berries  medium  size,  short-conic  to  globular,  deep  crimson,  flesh  light  scarlet, 
seeds  deeply  set,  quality  and  yield  good. 

First  bloom  May  10-14th,  full  bloom  May  19-22d.  First  ripe  berry  June 
6-llth,  last  picking  July  8th. 

A  good  early  to  medium  variety.  Reported  from  Qeorgia  as  a  poor  grower 
but  a  very  heavy  mid -season  cropper,  the  best  on  the  Station  grounds.  It  is  re- 
ported very  favorably  from  Michigan  but  poorly  from  Montana. 

Princeton  Chief.— pistillate. 

Variety  of  tall  habit,  vigorous,  reproducing  abundantly.  Leaflets  large,  long, 
somewhat  tapering  toward  apex,  light  green,  trusses  exceedingly  long,  somewhat 
overtopping  the  leaver,  bloom  very  abundant,  flowers  large,  petals  Ave  to  nine, 
stamens  considerably  developed. 

Berries  large,  dark  crimaou,  form  irregular,  yield  good. 

First  bloom  May  19th,  abundant  May  24th.  First  ripe  berry  June  2lBt,  last 
July  17th. 

This  is  a  very  late,  promising  variety.  Reported  unfavorably  from  Montana, 
from  Qeorgia  as  lacking  in  form  and  productiveness,  but  very  favorably  from  the 
Michigan  Station. 

Puritan.— pistillate. 

Plants  after  the  Crescent  type  but  taller  and  the  leafl'>ts  more  sharply  toothed. 
It  is  a  very  healthy  and  vigorous  variety,  forming  plants  abundantly,  leafstalks 
long  and  stout,  leaflets  medium  to  large,  dark  green,  serrations  small,  trusses 
medium  to  long,  bloom  sufficient,  flowers  medium  size,  petals  usually  fi/e, 
stamens  none. 

Berries  medium  size,  conic,  irregular,  surface  uneven,  crimson,  very  acid, 
yield  good. 

First  bloom  May  16th,  abundant  bloom  May  28th.  First  ripe  berry  June  16th. 
full  picking  June  26th,-  last  July  8th. 

A  late  variety,  poor  to  medium  in  value. 

Rio.— bisexual. 

A  variety  of  Crescent  type.  Plants  low  in  habit,  vigorous,  reproducing  freely, 
leafstalks  short  and  slender,  leaflets  small,  light  to  medium  green,  trusses  short 
and  upright,  bloom  sufficient,  flowers  medium  size,  petals  usually  Ave,  stamens 
well  formed. 

Berries  medium  size,  broad-conic  with  somewhat  prolonged  point,  bright 
scarlet,  flesh  ditto,  quality  good,  acid,  core  cartilaginous,  yield  fair. 

Firsc  bloom  May  16th,  abundan*:  bloom  May  22d.  First  ripe  berry  June  13th, 
last  picking  July  2d. 

The  variety  is  not  desirable  under  our  conditions.  Reported  unproductive 
at  the  Qeorgia  Station,  but  favorably  from  Michigan. 

Seedling  of  Downing.— bisexual. 

A  very  vigorous  variety,  setting  runners  and  young  plants  abundantly. 
Plants  large,  leafstalks  long,  stout,  leaflets  large,  long  and  narrow,  uniformly 
notched,  light  green,  truss  axes  long  and  upright,  bloom  abundant,  flowers  small, 
calyx  especially  small,  bowl-shaped,  stamens  well  formed  but  not  numerous. 

Berries  medium  size,  long-conic,  scarlet,  flesh  ditto,  seeds  deeply  set,  giving 
the  surface  a  rasp-like  appearance,  the  seed?)  on  the  exposed  surface  becoming 
red  while  the  flesh  is  still  white,  quality  good,  not  a  good  shipper,  yield  fair. 

First  bloom  May  r2th,  abundant  bloom  May  20th.  First  ripe  berry  June 
14-17th,  full  picking  June  2(>-26th,  last  picking  July  12th. 

Unworthy  of  trial  under  our  conditions. 

5huster's  Qem.— pistillate.    A  cross  of  Crescent  x  Sharpless. 

Variety  large,  thrifty,  reproductive,  leafstalks  long,  slender,  leaflets  large, 
oval,  light  green,  trusses  medium  to  long,  upright,  bloom  fairly  abundant,  flowers 
medium  size,  petals  none. 

Berries  medium  size,  conic,  symmetrical,  clear  scarlet,  flesh  lighter,  quality 
good,  sweet,  lacks  flrn^ness,  yield  good.  igitized  byXjOOgle 
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First  bloom  May  12th,  full  bloom  May  '20th.  First  ripo  berry  June  10th, 
first  pickiDf?  June  15th,  full  picking  June  20-27th,  last  July  10th. 

A  promising  variety,  worthy  of  trial.  Reported  favorably  from  Georgia,  Kan- 
.<W8.  Pennsylvania  and  Wyoming,  but  unfavorably  from  Montana  and  Soutuern 
California. 

Splendid.— bisexual. 

A  large  and  vigorous  variety,  producing  a  full  matted  row.  Plants  large, 
leafstalks  medium  to  long,  leaflets  large,  oval,  pointed,  dark  green,  trusses  medium 
to  long,  bloom  abundant,  flowers  medium  size,  petals  five  to  six. 

Berries  large,  short-conic,  blunt,  crimson,  flesh  pale  pink,  white  toward 
centre,  tardy  in  coloring  at  tip,  quality  good,  core  sometimes  cartilaginous,  yield 
good. 

First  bloom  May  17th,  abundant  bloom  May  23d.  First  ripe  berry  June  17th' 
first  pickinir  June  20th,  full  picking  June  27th,  last  picking  July  12th. 

A  promising  variety.    Reported  favorably  from  Michigan  and  Montana. 

5tayman'8  No.  i.— bisexual.    Originated  in  Southern  Ohio.    A  seedling  of  War- 
field. 
Plants  of  medium  size  and  vigor,  reproducia?  fairly  well.    Leafstalks  short 

to  medium,  leaflets  medium  size  and  shape,  deeply  notched,  dark  green,  truss 

axes  long,  usually  declined,  bloom  abundant,  flowers  small  with  parts  arranged 

in  order  of  five,  petals  smooth,  stamens  none. 

Berries  medium  size,  sometimes  with  a  short  neck,  calyx  reflexed,  fruit  conic, 

frequently  double  or  even  triple,  the  individuals  being  united  to  the  tips,  scarlet, 

flesh  nink.  core  frequently  cartilaginous,  quality  fair  to  good,  acid,  yield  fair. 
First  bloom  Vlay  13th,  abundant  bloom  May  22d.    First  ripe  berry  June  12th, 

first  Dickinof  June  15th,  full  picking  June  20-26th,  last  picking  July  15th. 

A  variety  of  very  moderatf^  value.    Reported  favorablv  from  Montana  and 

Sheridan,  Wyoming,  but  from  Georgia  as  being  very  unproductive. 

Summit.— pistillate.    Originated  with  M.  Crawford,  Ohio,  as  Crawford's  No.  6. 

Plants  large,  vigorous,  reproducing  abundantly,  leafstalks  medium  long, 
stout,  leaflets  medium  large,  round  or  broad  ovate,  medium  shade  green,  bloom 
sufficient  but  many  barren  plants,  stamens  often  well  developed. 

Berries  large,  uniform,  short-conic,  quality  and  yield  good. 

First  bloom  May  10-12th.    First  ripe  berry  June  5th,  first  picking  June  13th. 

A  desirable  berry  for  home  use.  From  Kansas  reported  to  be  extremely  un- 
productive. 

Tennessee  Prolific— bisexual.    Seedling  of  Crescent  x  Sharpless. 

Plants  of  medium  habit,  vigorous,  reproducing  abundantly.  Leafstalks 
slender,  leaflets  medium  lone,  unequally  serrated,  trusses  medium  long,  mostly 
declined,  bloom  abundant,  flowers  lar^e,  petals  five  to  six,  anthers  usually  well 
formed,  but  the  flowers  sometimes  partially  pistillate. 

Berries  small  to  medium,  irregular,  color  crimson  to  scarlet,  flesh  colored, 
core  sometimes  cartilaginous. 

First  bloom  May  17th,  abundant  bloom  May  22d.  First  ripe  fruits  June  5th, 
last  picking  July  12th. 

The  value  of  the  variety  is  rather  uncertain.  Reported  rather  favorably  from 
Michigan,  but  as  being  of  little  value  at  the  Montana  Station. 

Thompson.— bisexual. 

Plants  of  medium  size,  vigorous,  reproductive,  leafstalks  long  and  slender, 
leaflets  small  to  medium,  long,  teeth  sharp,  medium  to  dark  green,  trusses  short 
and  stout,  branches  long,  bloom  abundant,  flowers  medium  size,  petals  often 
over  five,  stamens  well  formed. 

Berries  large,  uniform,  conic,  pointed,  occasionally  with  neck,  bright  scarlet, 
seeds  light  colored  and  prominent,  quality  excellent,  mild  acid,  firm,  yield  excel- 
lent. 

First  bloom  May  9th,  full  bloom  May  20th.  First  ripe  berry  June  5th,  first 
picking  June  15-20th,  last  picking  July  8th. 

This  is  our  best  early  variety.    With  Havefland  in  sea^n.        GoOqIc 


24  Bulletin  53. 

Tlmbrell.— pistillate.    Originated  with  H.  S.  Timbrell,  of  New  York. 

The  variety  is  large,  coarse  and  vigorous,  bat  it  does  Dot  set  young  plants 
freely.  Leafstalks  long  and  strong,  leaflets  broad-ovate,  foliage  strong,  medium 
green,  trusses  short  and  stout,  bloom  abundant  on  individual  plants,  flowers 
medium  size,  petals  five,  stamens  usually  none  but  often  well  formed. 

Berries  medium  to  large,  short-oonic  to  globular,  deep  crimson  with  paler 
spots,  quality  good  to  excellent.  Arm. 

First  bloom  May  17th,  abundant  bloom  May  24th.  First  ripe  berry  June  16th, 
first  picking  June  18th,  full  picking  June  27th,  last  July  17th. 

The  variety  has  not  succeeded  well.  It  is  reported  fairly  well  from  Michigan, 
but  as  being  very  unproductive  in  Montana  and  Georgia. 

Tippecanoe. — bisexual.    Originated  from  seed  brought  from  France. 

A  variety  of  medium  habit,  producing  plants  abundantly,  leafstalks  medium 
long,  stout,  leaflets  medium  to  large,  broad -ovate  with  rounded  teeth,  color  dark 
green,  trusses  medium  long,  bloom  sufficient,  flowers  large,  petals  usually  five  to 
eight  in  a  single  series,  stamens  usually  well  formed  but  sometimes  undeveloped. 

Berries  large,  regular  globular  form,  scarlet,  sometimes  a  little  slow  in  color- 
ing at  tips,  flesh  vellowish  pink,  calyx  large,  quality  and  yield  sood. 

First  bloom  May  15th,  abundant  bloom  May  24th.  First  npe  berry  June  12- 
16th,  flrst  picking  June  15-19th,  full  picking  June  26th,  last  July  15th. 

A  mid-season  variety.    It  is  one  of  our  best  large  berries. 

Van  Deman. — bisexual.    Originated  with  a  Mr.  Bauer. 

Plants  medium  size,  dark,  glossy  green,  sets  younc;  plants  abundantly,  leaf- 
stalks medium  long,  leaflets  medium  size,  long-ovate,  trusses  short,  stout,  much 
branched,  bloom  abundant,  flowers  medium  size,  petals  five,  stamens  numerous 
and  well  developed. 

Berries  medium  size,  conic,  uniform  deep  red,  flesh  ditto,  seeds  prominent, 
quality  good,  yield  noor. 

First  bloom  May  12th.    First  ripe  berry  June  11th,  first  picking  June  15th. 

The  variety  is  somewhat  subject  to  frost  injury.  It  is  reported  rather  un- 
productive from  Kansas,  Michigan  and  Montana,  but  of  excellent  quality  and 
firmness. 

Warflcld.— pistillate.    Originated  with  B.  C.  Warfield  in  Southern  Illinois,  1883. 
Probably  a  seedling  of  Crescent. 

Plants  medium  size,  vigorous  and  healthy,  very  reproductive,  leafstalks  long, 
slender,  leaflets  medium-oval  but  sometimes  narrower,  sharply  toothed,  medium 
to  dark  green,  trusses  medium  long,  stout,  bloom  abundant,  flowers  small,  parts 
usually  arranged  in  order  of  fl^e,  stamens  rudimentary,  pistils  a  peculiar  yellow 
color. 

Berries  large,  uniform,  symmetrical,  conic,  with  a  sharp  tip  and  sometimes  a 
short  neck,  deep  crimson,  flesh  ditto,  quality  good,  acid.  firm. 

First  bloom  May  l.^h,  abundant  bloom  May  19th.  First  ripe  berry  June 
5-12th,  first  picking  June  11th,  full  picking  June  26th,  last  pickine  July  18th. 

This  is  our  best  pistillate  variety.  It  ranks  next  to  Parker  Earle  as  a  com- 
mercial berry.    Beder  Wood  is  probably  its  best  pollen izer. 

The  variety  is  not  valuable  at  the  Georgia  Station,  but  it  ranks  high  in  the 
reports  from  Kansas,  Michigan,  Montana  and  Wyoming. 

Westlawn.— bisexual. 

Plants  of  tall  habit,  large  and  healthy,  setting  young  plants  abundantly. 
Leaflets  large  and  broad,  coarsely  toothed,  light  green,  trusses  long,  slender,  up- 
right, bloom  sufficient,  flowers  medium  size,  petals  frequently  six,  stamens  none. 

Berries  medium  to  large,  uniform,  broad-  conic,  tip  long,  irregular  and  slow 
in  coloring,  color  deep  scarlet,  flesh  light,  seeds  deeply  set,  calyx  large,  parting 
easily  from  fruit,  auality  only  fair,  acid,  firm,  yield  fair. 

First  bloom  May  12th,  abundant  bloom  May  22d.  First  ripe  fruit  June  12- 
14th,  full  picking  June  26th,  last  picking  July  8th. 

A  fair  mid -season  variety.    Unworthy  of  triaL 
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Wilson's  Albany.— bisexual. 

Plants  small  to  medium,  reproducing  poorly,  leafstalks  medium  long,  stout, 
leaflets  large,  broad-ovate,  medium  dark  green,  trusses  medium  long,  stout, 
bloom  sufficient,  flowers  medium  size,  stamens  well  developed. 

Berries  sm  all  to  medium,  conic,  crimson,  flesh  ditto,  quality  fair,  acid,  yield 
fair  to  good. 

First  blcom  May  12th,  blossoms  but  slightly  subject  to  frost  injury. 

An  undesirable  variety.    Reported  unproductive  at  the  Montana  Station. 

Woolverton.— bisexual.    Originated  with  Jno.  Little,  of  Canada. 

Variety  a  robust  grower  but  not  easily  established  on  heavy  soils.  Leaf- 
stalks medium  to  long,  stout,  leaflets  ample,  deeply  toothed,  flexible,  long-oval, 
medium  green,  trusses  long,  stout,  upriffht,  flowers  large,  petals  six  to  seven, 
many  flowers  with  some  petals  imperfectly  formed,  stamens  normal,  calyx  con- 
spicuous. 

Berries  large,  conic,  sometimes  flat  at  tip,  deep  crimson  all  over  and  well  to 
centre,  seeds  prominent,  firm,  yield  and  quality  good. 

First  bloom  May  16th,  abundant  bloom  May  26th.  First  ripe  berry  June  8- 
12th,  first  picking  June  15th,  full  picking  June  20-24th,  last  Julv  5th. 

A  good  variety  in  many  places  Reported  quite  favorably  from  Michigan 
but  as  being  quite  unproductive  from  Georgia. 

Yale.— bisexual.    Originated  as  a  chance  seedling  in  New  Haven,  Conn. 

Plant  of  Warfield  tyoe  but  more  robust,  large  and  vigorous,  leafstalks  long, 
stout,  leaflete  long,  broad,  coarsely  notehed,  da#k  green,  trusses  long,  stout,  up- 
right, much  branched,  bloom  abundant,  flowers  small,  petels  imbricate,  round, 
stamens  usually  well  formed  but  sometimes  quite  rudimentary. 

Berries  large,  conic  with  prolonged  tip,  scarlet,  flesh  ditto,  seeds  light  colored, 
quality  fair,  soft,  yield  poor. 

First  bloom  May  14th«  abundant  bloom  May  22d.  First  ripe  berry  June  15th, 
full  picking  June  20-25th,  last  July  10th. 

A  mid-season  variety  of  medium  value.  Reported  from  the  Georgia  Station 
as  very  unproductive. 
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Supplementary  List  of  Varieties. 


Since  the  publicatiou  of  our  last  strawberry  bulletin  (No.  29, 
1894),  the  following  varieties,  not  found  in  the  preceding  list,  have 
been  introduced  to  the  Station  grounds.  Of  this  number  a  few  have 
failed  to  become  established.  The  others  will  be  reported  upon  as 
soon  as  sufficient  trial  h&s  been  given  them  : 


Anna  Kennedy, 

Berlin, 

Bismark, 

Bouncer, 

Brunette, 

Champion  of  England, 

Clarence, 

Clark  Early, 

Clyde, 

Cyclone, 

Cobden  Queen, 

Darling, 

Downing's  Bride, 

Earliest, 

Eleanor, 

Enormous, 

Erie, 

Equinox, 

Gardner, 

Giant, 

Glen  Mary, 

Great  Pacific, 

GroB  Lombard, 

Halls, 

Hatfield, 

H.  W.  Beecher, 

H<^weU, 

Hunn, 

Ideal, 

Improved  Parker  Ejarle, 

Jersey  Market, 

Klondyke, 

Lazton, 

Leo, 

McKinley, 

Magoon, 

Man  well. 

Mary, 

Michigan, 

Murray  X  Early, 

Nick  Ohmer, 

Noble, 

Ocean  City, 

Oriole, 

Patrick, 

Pet. 

Plow  City, 

Premium, 

Pride  of  Cumberland, 

Ridgeway, 

Ruby, 

Seaford, 

Sharpless, 

Sparta, 

Stoples, 

Sunnyade, 

Tubbs, 

Vories, 

Wild's  No.  8, 

Wild's  No.  35. 

William  Belt, 

Wilson, 
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APIARY   EXPERIMENTS. 

FOUNDATION  IN  COMB  BUILDING. 


By  CLARENCE  P.  GILLETTE. 


Honey  bees  collect  liquid  sweets  from  all  available  sources, 
ehiefly  in  the  form  of  nectar  from  flowers,  and  when  the  product 
has  been  elaborated  in  the  houey-stomacli  and  afterwards  stored  in 
comb,  we  call  it  honey. 

The  material  from  whicli  the  comb  is  built  is  not  collected  as 
wax,  but  is  formed  within  the  body  and  secreted  in  the  form  of  thin 
scales  between  the  abdominal  segments  on  the  under  side. 

As  the  wax  is  elaborated  within  the  body,  the  bee  must  be 
supplied  with  food  out  of  which  to  form  it  and,  according  to  ex- 
periments reported  on  another  page,  it  requires  about  one  pound 
of  wax  for  every  twenty-five  pounds  of  honey  stored  in  comb. 
The  food  required  for  the  secretion  of  wax  is,  for  the  most  part, 
honey;  and  as  it  requires  several  pounds  of  com  to  produce  one 
pound  of  beef  or  butter,  so  it  doubtless  requires  several  pounds  of 
honey  as  food  for  worker  bees  to  enable  them  to  produce  one  pound 
of  wax. 

But  the  consumption  of  honey  for  wax  production  does  not 
represent  the  total  cost  of  the  wax  to  the  colony.  The  bees  that 
secrete  it  are  called  off  from  the  field  force,  so  that  the  income  of 
the  colony  is  lessened.  In  a  state  of  nature  this  wax  production 
entails  no  heavy  drain  upon  the  the  colony,  as  the  comb,  once  built, 
lasts  for  years ;  but  where  comb  honey  is  being  produced  for  the  mar- 
ket, it  becomes  a  matter  of  economic  importance  to  know  to  what 
extent  and  in  what  form  wax  can  best  be  furnished  bees  for  their 
use  in  comb  building. 

So  far  as  we  know  at  present,  there  is  but  one  general  way  to 
furnish  the  wax  for  this  use,  and  that  is  in  some  form  of  artificial 
comb  foundation.  But  their  are  many  types  of  this  foundation.  Is 
it  better  to  have  the  base  or  midrib  only — the  "no  wall"  foundation? 
or  is  it  better  to  have  the  cell  walls  outlined  for  the  bees  ?  If  the 
latter,  should  we  have  these  walls  short  or  long?     In  eitj^er  case,  is 
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it  better  to  put  most  of  the  wax  in  the  midrib  or  the  cell  walls  ? 
When  it  is  determined  how  the  wax  is  best  proportioned  between 
the  midrib  and  cell  walls,  what  weight  of  foundation  is  best? 

The  experiments  here  reported  were  undertaken  for  the  purpose 
of  casting  some  light  upon  these  and  related  problems  and,  it  is 
believedi  with  some  good  results.  It  is  not  to  be  expected  that  all 
these  questions  are  fully  settled  in  this  paper. 

DO   BEES   USB   WAX    FROM   ARTIFICIAL  FOUNDATIONS   TO   EXTEND   THE 
CELL  WALLS  AND  THE  COMB  MIDRIB  ? 

The  common  belief  that  wax  is  so  used  was  graphically  proven 
by  the  following  experiment : 

A  few  sheets  of  thin  foundation  that  was  made  black  by  the 
addition  of  lamp  black  to  the  melted  wax  were  prepared  for  me  by 
Mr.  C.  B.  Elliott,  of  Denver.  This  foundation  was  used  in  sections 
which  were  placed  in  supers  for  comb  honey.  In  some  sections 
starters  one  inch  wide  were  used,  while  in  others  were  placed  full 
sheets.  The  bees  accepted  this  black  foundation  as  readily  as  any 
and  built  comb  upon  it.  A  photograph  of  comb  built  upon  this 
foundation  is  shown  in  Plate  1.  At  a  is  a  section  containing  a 
starter  one  inch  wide  that  the  bees  had  worked  but  little.  At  b  are 
two  cioss  sections  of  comb  built  upon  such  a  starter.  The  white 
eross-lines  show  where  the  lower  edges  of  the  starters  came,  and  the 
.  dark  color  shows  to  what  extent  the  foundation  was  used  in  ex- 
tending the  comb.  At  c  is  a  section  of  drawn  comb  built  upon  a 
short  starter  as  shown  at  a.  The  white  line  marks  the  lower  margin 
of  the  foundation,  and  the  dark  color  in  the  comb  shows  to  what 
extent  the  foundation  was  used  in  building  down  the  comb.  At  d  is 
shown  comb  built  on  a  large  piece  of  the  black  foundation.  The 
cell  walls  are  deep  black  at  the  bottom  and  gradually  fade  until  the 
top  or  outer  end  of  the  wall  is  reached,  where  the  dark  color  hardly 
shows.  This  could  only  come  about  by  the  bees  using  other  wax, 
probably  directly  from  their  bodies,  which  was  mixed  with  the  wax 
of  the  foundation. 

These  experiments  prove  so  conclusively  that  bees  do  use  wax 
from  foundations  to  extend  both  cell  walls  and  midrib,  that  we  are 
now  ready  to  ask  : 

IS  THE  WAX  OP  THE  MIDRIB  OP  THE  FOUNDATION  USED  IN  COMB 
BUILDING,  AND,  IF  SO,  WILL  IT  BE  CUT  DOWN  TO  THE  THINNESS 
OF  THE  MIDRIB  IN  NATURAL  COMB  ? 

To  determine  these  points  we  shall  have  to  compare  the  thick- 
ness of  the  artificial  foundation  with  the  thickness  of  the  comb 
midrib  built  upon  the  foundation,  and  the  latter  with  the  midrib  of 
eomb  built  entirely  by  the  bees.  ><-^  t 
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Tahle  Showing  the   Weight,  in  Orains  per  Square  Inch,  of  Different 

Kinds  of  Artificial  Foundaiion,  and  of  the  Midribs 

of  Comb  Built  upon  Each. 
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4.07 

8.70 
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3.12 
2.75 
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5.12 
4.U 

450 

8.74 
2.88 
8.22 

3.20 
1.6S 
2.10 
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Than 

Natural 

Midrib. 

6.go 

3.06 

.40 

l.M 



.90 

.85 



1.12 

The  accompanying  table  gives,  in  the  upper  line,  the  heaviest 
weights  found  ;  in  the  second  line  the  lightest  weights  ;  and  in  the 
third  line  the  average  weights,  computed  from  a  good  number  of  ex- 
amples in  each  case.  The  excess  in  weight  above  that  of  the  mid- 
rib of  natural  worker  comb  is  given  in  the  bottom  line. 

The  diflFerences  in  weight  between  these  foundations  and  the 
midribs  of  comb  built  upon  them  do  not  represent  the  weight 
of  the  wax  removed  from  the  midrib  of  the  foundation  by  the  bees, 
as  the  foundation  has  short  cell  walls  which  are  also  thinned. 
These  may  be  seen  by  looking  at  illustrations  of  sections  of  founda- 
tion in  Plates  2  and  4.  It  will  be  seen  by  the  table  that  none  of  the 
comb  built  on  foundation  has  a  midrib  ar  light  as  that  of  the  nat- 
ural worker  comb,  though,  in  some  cases,  the  midribs  of  comb  on 
thin  and  extra  thin  super  foundations  and  on  the  ''1899"  deep-cell 
foundation  are  but  little  heavier  than  those  of  natural  comb. 

It  will  also  be  noticed  that,  while  the  midrib  of  the  **1898" 
deep-cell  foundation  itself  was  but  little  heavier  than  that  of  natural 
worker  comb,  the  comb  built  upon  this  foundation  had  a  midrib 
much  heavier  than  that  of  the  natural.  The  reason  for  this 
will  be  given  directly.  The  table  also  shows  that  the  heavier  the 
midrib  of  the  foundation,  the  heavier  will  be  the  midrib  of  the 
comb  upon  the  foundation.  This  would  be  a  general  rule  that 
might  have  exceptions. 


*  This  foundation  was  obtained  for  experiment  in  1898,  when  it  was  compara- 
tively a  new.product,  so  I  have  called  it  "1898"  deep-cell  foundation  todistinguisb 
it  from  the  foundation  mentioned  below. 

t  Samples  of  this  foundation  were  first  received  in  1899,  and  I  have  designated 
it  the  *'1899*'  deep-cell  foundation  to  distinguish  it  from  the  preceding. 
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The  above  table  shows  that  the  very  heavy  foundation  gave  a 
comb  midrib  weighing  5.90  grains  more  to  the  square  inch  than  the 
midrib  of  natural  comb.  Medium  brood  foundation  gave  a  midrib 
3.08  grains  heavier  to  the  square  inch,  or  almost  two  and  one-half 
times  the  weight  of  natural  midrib.  The  lightest  midribs  were  ob- 
tained by  the  use  of  extra  thin  and  thin  super  foundations,  aver- 
aging but  .85  to  .90  grains  to  the  square  inch  more  than  natural 
midrib. 

The  use  of  the  "1898"  deep-cell  foundation  manufactured  by 
Mr.  E.  B.  Weed  gave  rather  surprising  results.  The  midrib  from 
the  foundation,  before  it  had  been  worked  over  by  the  bees,  averaged 
but  .40  grains  to  the  square  inch  more  than  the  natural  midrib, 
while  the  midrib  of  comb  built  on  this  foundation  weighed  1.34 
grains  more.  The  midrib  of  this  foundation  was  not  uniform  in 
thickness,  in  some  places  being  thinner  and  in  others  thicker  than 
in  natural  comb,  as  shown  in  Plate  4,  Fig.  d.  Where  the  midrib 
was  thick  there  was  little  or  no  thinning  by  the  bees,  but  where  it 
was  very  thin  they  reinforced  the  weak  places  by  "plastering"  on  a 
quantity  of  wax.  These  thickened  places  are  plainly  shown  at  n, 
Fig.  c,  and  at/  of  the  plate  just  mentioned ;  and  at  b  of  Plate  1,  and 
account  for  the  increased  weight  of  the  comb  midrib.  Fig./,  just 
mentioned,  is  from,  one  of  the  worst  samples  I  have  seen.  Natural 
midrib  is  shown  at  e. 

The  diflFerence  in  weight  between  the  heavier  artificial  founda- 
tions and  the  midribs  of  the  comb  built  upon  them  is  too  great  to 
result  from  the  thinning  of  the  short  cell  walls  alone,  and  can  only 
be  accounted  for  on  the  supposition  that  the  bees  do  remove  wax 
from  the  midribs  of  these  foundations.  The  examination  under  a 
microscope  of  any  heavy  foundation  that  the  bees  have  just  begun 
to  work  will  show  the  marks  of  their  mandibles  in  the  wax.  At 
first  the  wax  is  left  very  rough,  as  shown  in  Plate  1,  Fig.  ^,  consider- 
ably magnified.  At  h  is  shown  the  smooth  bottoms  of  the  finished 
cells  on  the  same  foundation,  which  was  medium  brood  in  both 
cases. 

To  be  convinced  that  heavy  foundations  have  their  midribs 
thinned,  but  not  tliinned  to  correspond  with  the  midribs  of  natural 
comb,  the  reader  has  only  to  look  at  the  figures  in  Plate  2.  At  a  is 
shown  a  section  of  heavy  foundation,  and  at  b  and  g  are  shown  mid- 
ribs of  comb  built  on  this  foundation.  The  lower  third  of 
6  is  a  midrib  of  natural  comb  built  on  the  foundation.  At  c  and 
the  lower  end  of  d  are  shown  sections  of  the  medium  brood  founda- 
tion, whili>  the  upper  portion  of  d  and  all  of  e  show  to  what  extent 
the  midrib  of  this  foundation  was  thinned.  Notice  also  in  this  con- 
nection, that  the  full  thinning  of  both  foundation  and  cell  walls  is 
accomphshed  while  the  walls  are  yet  quite  short. 

The  fact  that  foundations  are  thinned  was  also  showHrbx  actual 
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measurements.  A  large  number  of  ^plaster  casts  of  comb  on  differ- 
ent foundations  and  of  the  foundations  themselves  were  made,  and 
then  cut  in  different  directions  as  shown  in  Plates  2  and  5.  This 
made  it  possible  to  cut  the  wax  of  the  different  cells  so  that  the 
thickness  could  be  measured.  A  large  number  of  measurements 
were  made  and  tabulated,  but  the  variations  are  so  great  in  thick- 
ness of  both  midribs  and  cell  walls  in  all  kinds  of  comb  that  I  have 
thought  it  not  worth  while  to  include  the  table  here,  but  will  stale 
the  general  results. 

t  The  common  range  in  thickness  of  the  midrib  in  naturally 
built  worker  comb  was  found  to  be  between  .08  and  .16  millimeters.J 
In  drone  comb  the  common  range  was  between  .12  and  .20  milli- 
meters. None  of  the  midribs  of  comb  built  on  artificial  foundations 
averaged  as  thin  as  the  natural  midrib  in  worker  comb.  In  some 
cases  those  from  thin  and  extra  thin  super  foundations,  and  the 
"1899"  deep-cell  foundation  approximated  it  closely.  Where  the 
midrib  of  a  foundation  is  not  thicker  than  about  .17  millimeters, 
the  bees  seem  not  to  thin  much  if  any,  though  they  go  over  the  sur- 
face with  their  mandibles  and  scrape  it  so  that  it  loses  its  tranpar- 
ency. 

It  was  also  noticed  that  the  midrib  of  any  comb  was  thicker  near 
its  attachment,  at  the  top,  sides  or  bottom,  than  at  some  distance 
from  these  attachments.  Illustrations  of  this  may  be  seen  in  Plates 
2  and  3.  Fig.  c  of  the  latter  plate  shows  a  cut  through  the  comb 
of  a  pound  section  made  from  side  to  side. 

The  heavier  midrib  and  cell  walls  in  drone  comb  are  necessary 
to  give  it  the  same  strength  as  worker  comb,  because  the  larger  the 
cells  the  fewer  the  number,  and  the  smaller  the  amount  of  wax  re- 
quired to  build  them  to  a  given  thickness. 

Sections  of  natural  worker  comb  are  shown  at  6,  c,  and  e,  and  the 
lower  halves  of  a  and  g  of  Plate  3.  Drone  comb  is  shown  in  the 
lower  part  of  i  in  Plate  2,  and  in  f  of  Plate  3. 

The  midrib  of  comb  built  on  "  1898  "  deep-cell  foundation 
was  very  irregular  in  thickness,  for  the  reasons  already  given,  and 
averaged  about  the  same  as  drone  comb.  See  Plate  4,  Figs.  cand/. 
Medium  brood  foundation  also  gave  wide  variations  in  the  amount 
of  thinning. 

At  Plate  2,  d  and  «,  are  two  of  the  best  thinned  samples  I  have 
seen,  though  little  drawn.  At/,  Plate  5,  is  a  sample  of  fully  drawn 
comb  on  this  foundation  which  has  the  midrib  thinned  but  little. 

At/,  Plate  2,  is  shown  a  section  of  super  foundation  obtained 
from  Mr.  Elliott,  of  Denver,  and  at  A  is  a  section  through  comb  on 

*  I  got  this  idea  from  Mr.  E.  R.  Boot,  Editor  of  **Gleanings  in  Bee  Culture." 
t  I  have  not  found  any  samples  of  natural  comb  with  as  heavy  cell  walla  as 
those  shown  on  page  69  of  ** A,  B,  C  of  Bee  Culture/'  Figs.  1  and  2. 

I  Reduce  millimeters  to  inohes  by  dividing  by  25.  C^  \ 
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this  foundation.  The  midrib  averageB  aboat  .17  millimeters  in 
thickness,  or  fully  as  heavy  as  the  midrib  in  drone  oomb.  The 
upper  half  of  t  in  this  plate  is  also  on  this  foundation,  and  the  mid- 
rib is  rather  heavier  than  the  midrib  of  the  drone  oomb  which  the 
bees  built,  shown  in  the  lower  half  of  the  figure. 

Atj  of  Plate  2  is  shown  a  section  of  thin,  and  at  /  of  the  extra 
ihin  ^uper  foundations.  The  two  differ  chiefly  in  that  the  former 
has  rather  heavy  cell  walls,  while  the  extra  thin  has  almost  no 
walls.  At  A;  is  a  section  showing  partially  drawn  comb  on  the  thin 
super  foundation,  and  at  g,  Plate  5,  is  a  sample  of  fully  drawn  comb  . 
on  the  extra  thin  foundation.  It  will  be  noticed  ihat  the  midribs 
of  the  comb  samples  built  on  these  foundations  are  in  most  cases 
nearly,  if  not  quite,  as  thick  as  in  the  foundations  themselves.  At  a 
of  Plate  3  is  a  section  through  comb,  the  upper  two-fifths  of  which 
was  built  upon  the  thin  super  foundation  and  the  lower  three-fifths 
is  natural.  The  midrib  of  the  foundation  seems  not  to  have  been 
thinned  at  all,  and  contrasts  plainly  with  the  midrib  of  the  portion 
that  was  built  entirely  by  the  bees,  and  also  with  the  midribs  of 
figures  6  and  c  of  the  same  plate,  both  of  which  represent  natural 
comb. 

At  g  of  Plate  4  is  shown  a  section  of  the  beautiful  "1899''  deep- 
cell  foundation,  as  I  have  termed  it,  that  is  manufactured  by  Mr. 
E.  B.  Weed.  At  h  of  the  same  plate  is  shown  comb  slightly  worked 
on  this  foundation,  and  at  a  of  Plate  6  is  shown  ftiUy  drawn  comb 
on  the  same.  Here  again  it  will  be  noticed  that  the  midrib  is 
scarcely  if  at  all  thinned,  and  is  as  heavy  as  that  of  drone  comb. 

The  evidence  thus  obtained  by  measuring  the  thickness  of  the 
midribs  of  foundations  and  of  the  comb  built  upon  them  bears  out 
the  results  obtained  by  weighing,  namely,  that  heavy  foundations 
have  their  midribs  thinned  some,  usually  much,  by  the  bees  when 
they  build  comb  upon  them  ;  but  these  are  not  thinned,  in  any  case, 
to  the  lightness  of  natural  worker  comb.  If  the  midrib  is  not 
thicker  than  .17  millimeters — .068  of  an  inch — tlie  bees  thin  it  little 
if  any ;  if  the  midrib  is  much  thinner  than  the  normal,  the  bees  are  , 
likely  to  thicken  it  by  the  addition  of  wax,  making  it  much  heavier 
than  in  natural  comb. 

DOES   THE    USE    OF    ARTIFICIAL    FOUNDATIONS    RESULT    IN    THICKER 
CELL   WALLS   IN   THE   COMB? 

It  is  evident  that  a  slight  thickening  of  the  cell  walls  increases 
the  weight  of  the  comb  more  than  the  same  thickening  of  the  mid- 
rib. '^'Cheshire  estimated  that  the  area  of  the  cell  walls  of  worker 
comb  one  inch  thick  is  fully  ten  times  that  of  the  midrib  upon 
which  they  are  built     If  this  be  true  (and  the  difference  in  area  is 

*  "Bees  and  Bee-keeping,"  Vol.  II.,  page  213. 
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greater  when  the  comb  is  more  than  an  inch  thick),  then  the  thick- 
ening ot  the  cell  wall  by  .01  of  a  millimeter  increases  the  weight  of 
comb  one  inch  thick  as  much  as  thickening  the  midrib  .10  of  a 
millimeter. 

The  thickness  of  the  cell  walls  is  much  less  than  that  of  the 
midrib.  In  natural  worker  comb  I  have  found  it  varying  between 
.045  and  .07  of  a  millimeter,  with  an  average  of  not  more  than  .06 
of  a  millimeter  (.0024  of  an  inch).  It  has  been  thought  by  some 
that,  though  the  bees  may  leave  a  heavy  midrib  in  comb  built  on 
foundation,  they  will  thin  the  cell  walls  down  to  the  thickness  in 
natural  comb. 

Although  the  cell  walls  of  a  large  number  of  sections  of  comb 
have  been  measured  under  the  camera  of  a  compound  microscope, 
it  is  difficult  to  give  these  in  tabulated  form,  as  there  is  so  much 
irregularity  in  thickness.  The  heaviest  part,  except  the  extreme 
outer  end,  is  close  to  the  base  of  the  cell,  and  the  thinnest  is  beyond 
the  middle  of  its  length.  Where  comb  on'heavy  foundations  was 
studied,  the  bases  of  the  cells  were  found  to  have  distinctly 
thickened  walls  for  some  distance  out,  and  this  thickening  was  often 
quite  irregular,  as  may  be  seen  at  o  in  Figures  g,  h,  and  i  of  Plate  2, 
and  Figure  b  of  Plate  4. 

None  of  the  foundations  used  in  the  experiment  gave  as  deli- 
cately thin  cell  walls  as  are  found  in  natural  worker  comb,  except 
the  thin  and  extra  thin  super  foundations  and,  possibly,  the  rather 
shallow  deep-cell  foundation  put  out  in  1899,  which  was  placed 
upon  the  market  by  the  A.  I.  Root  Co.,  and  which  is  being  sold 
quite  largely  this  year.  I  was  not  able  in  many  cases  to  detect  by 
measurements  that  the  cell  walls  on  these  foundations,  exceeded  the 
average  thickness  in  natural  comb.  The  difference,  if  any,  is  very 
slight.  Figure  g  in  Plate  4  shows  the  thickness  of  the  cell  walls  of 
this  foundation  in  cross  section,  and  at  b  of  Plate  5  is  shown  a  sec- 
tion of  the  walls  parallel  to  the  midrib  and  quite  close  to  it.  Figure 
a  of  Plate  5  is  a  section  of  fully  drawn  comb  on  this  foundation,  and 
it  will  be  seen  that  the  cell  walls  have  nearly,  or  quite,  the  delicacy 
of  those  in  natural  comb. 

The  "1898"  deep-cell  foundation  with  considerably  longer  cell 
walls,  as  shown  at  d  of  Plate  4,  was  not  nearly  so  well  worked  ac- 
(ibrding  to  my  measurements.  This  may  be  due  to  the  fact  that 
the  walls  are  so  high  that  the  bees  cannot  reach  to  the  bottom  with 
their  mandibles  to  take  hold  of  them  and  pinch  them  to  the  natural 
thinness  They  can  only  thin  the  lower  portion  of  the  walls  by 
scraping  them.  As  a  rule,  I  have  found  the  lower  portion  of  the 
cell  walls  of  comb  on  this  foundation  as  thick  as  those  built  on  the 
very  heavy  foundations,  while  in  some  cases  they  have  been  thinned 
very  nearly  to  the  delicacy  of  the  walls  in  natural  comb.  A  good 
illustration  of  the  latter  case  is  shown  at  the  upper  half  of  a  of 
Plate  4,  but  even  this  sample  compared  with  natural  y^rj^?^^"^9Pib 
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shows  a  dijETerence  in  favor  of  the  latter  which  is  hardly  noticeable 
in  the  photographic  reproduction.  On  the  other  hand,  the  illustra- 
tions of  sections  of  cell  walls  on  this  foundation  shown  at  d,  Plate  3, 
and  at  c  and  /,  Plate  4,  show  plainly  the  abnormal  thickness  of  the 
inner  third  or  half  of  the  cell  walls  as  compared  with  the  walls  in 
natural  comb  shown  in  6,  c,  and  e  of  Plate  3.  In  fact,  a  close  in- 
spection will  show  that  in  many  cases  the  walls  of  the  comb  cells 
seem  not  to  be  thinner  than  the  walls  in  the  cells  of  the  foundation 
before  the  bees  have  touched  them.  In  all  cases,  with  this  founda- 
tion, I  have  found  the  walls  of  the  comb  cells  thicker  than  in 
natural  worker  comb.  At  i,  Plate  6,  is  shown  a  portion  of  Figure 
d,  Plate  3,  somewhat  magnified.  Notice  the  thickness  of  the  cell 
walls  in  their  basal  portion. 

The  cell  walls  in  Figure  h  and  the  upper  half  of  i  of  Plate  2, 
and  the  upper  third  of  ^  in  Plate  3,  were  built  on  the  foundation 
shown  at /of  Plate  2.  The  foundation,  it  will  be  seen,  is  almost 
without  walls,  yet  the  tases,  at  least,  of  the  cell  walls  in  the  comb 
can  be  seen  by  the  unaided  eye  to  be  sensibly  thicker  than  in  the 
natural  comb  samples. 

It  seems,  then,  that  keeping  the  wax  out  of  the  cell  walls  does 
not  entirely  remedy  the  tendency  to  build  heavier  bases  to  the  cell 
walls  when  plenty  of  wax  is  at  hand.  I  do  not  have  a  test,  how- 
ever, on  strictly  "no-wair*  foundation,  but  cannot  think  the  case 
would  be  diflFerent  than  in  the  use  of  this  foundation  with  such 
slight  walls. 

The  medium  brood  and  the  very  heavy  foundations  also  gave 
cell  walls  decidedly  thicker  than  those  found  in  natural  comb. 
Examples  of  cell  walls  on  medium  brood  foundation  are  shown  at  d 
of  Plate  2,  and  at/  of  Plate  5.  In  the  two  first  mentioned  figures 
the  walls  are  made  thinner  than  in  the  long  drawn  cells  of  the  last 
named  example.     All  are  heavier  than  in  natural  comb. 

At  g  of  Plate  2  and  b  of  Plate  4  are  shown  examples  of  comb 
on  the  very  heavy  foundation.  In  both  cases  the  greater  thickness 
of  the  walls  is  very  plainly  seen.  In  the  first  mentioned  figure  the 
heavy  walls  extend,  plainly,  the  entire  length  of  the  cells.  Compare 
with  sections  of  natural  comb  cells  in  Plate  3. 

These  studies  indicate  that  it  is  a  mistake  to  mjke  very  deep 
cells  in  artificial  foundation,  unless  their  walls  cnu  be  brought  down 
to  the  thinness  of  the  naturally  built  cell  walls — which  is  probably 
impossible — otherwise,  the  bees  will  leave  them  thicker  than  in  the 
natural  comb.  The  only  cell  walls  that  were  brought,  practically, 
to  the  thinness  of  the  natural  comb  were  those  built  on  foundations 
with  a  light  base  and  with  little  wax  in  the  cell  walls.  The  deep 
cells  may  be  of  advantage  in  other  ways,  but  not  in  getting  a  light 
comb  for  section  honey. 
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COMPARATIVE    WEIGHTS    OF    NATURAL    COMB   AND   COMB   ON   ARTIFI- 
CIAL  FOUNDATIONS. 

There  is  a  third  method  of  studying  the  effect  of  foundations 
upon  the  resulting  comb  which,  to  my  mind,  gives  the  most  con- 
vincing evidence.  By  this  method  pieces  of  natural  comb  and 
eomb  on  different  kinds  of  foundation  were  cut  into  blocks  of  known 
area  and  carefully  weighed.  Then  the  cell  walls  were  removed 
from  the  midribs  and  the  weight  of  these  two  portions  determined 
separately.  Then  the  weights  of  the  midribs  and  cell  walls  of 
natural  comb  were  compared  with  the  corresponding  parts  of  comb 
built  on  artificial  foundations,  and  the  midribs  of  the  latter  with 
their  corresponding  foundation  midribs.  In  this  way  I  was  able  to 
determine  whether  the  cell  walls  or  the  midribs  of  comb  on  arti- 
fi,cial  foundations  were  as  light  as  in  the  natural  comb. 

Table  Giving  Weights,  in  Grains  to  the  Square  Inch,  of  Whole  Comb  and 
of  the  Midribs  and  CeU  WaUs  of  the  Comb,  in  Each  Case  Sepdraie. 


Kind  of  Foundation. 

Thickness 
of  Comb. 

Weight  of 
Comb. 

Weight  of 
Midrib. 

Weiffhtof 
Cells. 

Bq.ft  ofComb 

to  make  1  lb. 

of  Wax. 

BlRtanl  Worker  Comb 

1.87 

13.00 

2.80 

10.80 

3.74 

t»           »*           »» 

1.85 

12.90 

2.50 

10.40 

8.76 

II           II            It 

1.83 

12.20 

2.20 

10.00 

8.99 

M                       I.                       U 

1.25 

12.80 

2.30 

10.50 

3.80 

li                       •(                       II 

1.25 

10.90 

2.20 

8.70 

4.46 

II                       It                       II 

1.20 

9.50 

2.00 

7.50 

5  12 

1*                       1%                       »l 

1.18 

9.tM) 

2.15 

7.45 

5.09 

M                       It                       II 

1  15 

9.55 

1.80 

7  75 

5.09 

»•                       It                       *t 

1.13 

9.M 

2.33 

7.22 

5.06 

tl                       II                       II 

1.00 

10.00 

2.50 

7.50 

488 

t*                       1*                       tl 

.90 

9.00 

2.00 

7.00 

5.40 

*•                       ••                       »• 

.90 

7.60 

1.80 

5.80 

6.40 

»t                       »l                       II 

.80 

7.00 

1.80 

5.20 

6.94 

tl                       II                       II 

.75 

6.60 

1  90 

4.70 

7.87 

••                       II                       M 

•     .86 

6.40 

1.75 

4.65 

7.60 

Drone       •*    

.93 

10.75 

8.55 

7.20 

4.52 

tl           •%           tl 

.90 

11.25 

8.50 

7.75 

4.82 

»•                 §•                 u 

.88 

9.90 

2.80 

7.10 

4.91 

Extra    Thin           "    

1.2S 

11.90 

2.75 

9.15 

4.08 

»•           It             It 

1.22 

10.61 

2.38 

8.28 

4.58 

II                          M                              »l 

.73 

7.15 

3.12 

4.03 

6.80 

II                        M                            II 

.60 

7.15 

3.07 

.     4.08 

6.80 

Thin8oper(A)       **    

1.25 

13.00 

240 

10.60 

8.74 

•1        .♦      ^  II        If 

1.25 

11.50 

2.60 

8.90 

4.23 

i»        II        II        tt 

1.20 

11.50 

8.00 

3.50 

4.28 

»»                  tl                M                  It 

1.00 

10.20 

2.80 

7  40 

4.77 

%•                 t»                II                  II 

.25 

5.80 

2.70 

3.10 

888 

"      (B)        "    

.90 

11.50 

4.00 

7.50 

4.23 

tl         1*        II         It 

.75 

9.40 

8.80 

6.10 

5.17 

*i         II        It         II 

.75 

9.a«s 

2.90 

6  45 

5.20 

tl         II        It         t. 

.75 

9.10 

2.70 

6.40 

5.84 

1896DeepCeU         "    

1.46 

16.80 

3.60 

13.20 

2.89 

1.44 

16.63 

8.70 

12.98 

2.92 

tl             »4             tt                      tl 

1.18 

14.90 

3.30 

11.60 

8.28 

II             tl             tt                      1. 

.56 

10.25 

8.40 

6.85 

4.74 

t»             II             It                      tl 

.50 

10.00 

4.00 

6.00 

4  86 

IB99 

1.50 

14.50 

2.88 

11.67 

8.32 

1*       It       It            %• 

1.81 

13.38 

3.33 

10.00 

3.65 

tl             It              It                      H 

.75 

11.51 

8.74 

7.77 

4.23 

M             tt              It                      II 

.81 

6.00 

8.00 

3.00 

8.10 

Mediom  Brood       **    

1.80 

19.50 

6.87 

12.68 

2.49 

It           *•           It 

i.ao 

19.12 

6.12 

18.00 

2.54 

tt           tl           tl 

1.06 

16.50 

6.23 

10.26 

2.95 

M                        M                        It 

1.00 

16.50 

5.50 

11.00 

2.95 

»l                       It                        tl 

.75 

12.00 

5.35 

6.65 

4.05 

tt                       ••                       1* 

.75 

18.00 

5.20 

7.80 

8.74 

tl                       It                       t* 

.38 

7.50 

3.50 

4.00 

6.48 

•Very   Heayy          •*    

1.00 

18.50 

7.00 

11.50 

2.63 

.95 

18.88 

8.00 

10.88 

2.65 

*  This  line  is  an  average  of  pieces  composing  15  square  inches  of  comb. 
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In  the  preceding  table  all  the  weights  obtained  from  the 
pieces  of  comb  are  given. 

The  first  fifteen  examples  in  the  table  are  of  worker  comb  as 
built  by  the  beps  in  the  natural  way.  The  three  following  are 
naturally  built  drone  comb. 

The  extra  thin  foundation  weighed  but  3.60  grains  to  the 
square  inch,  or  13.50  square  feet  to  the  pound,  and  had  very  slight 
cell  walls.     It  is  shown  at  I  of  Plate  2  in  cross  section. 

The  foundation  listed  as  'Thin  Super  (A)"  weighed  almost 
exactly  four  grains  to  the  square  inch,  or  a  trifle  more  than  twelve 
square  feet  to  the  pound,  and  was  rather  firm  in  texture.  It  is 
shown  in  cross  section  at  j  of  Plate  2. 

That  listed  as  *  Thin  Super  (B)"  was  of  the  same  weight  as  the 
preceding,  but  of  softer  texture  and  had  more  wax  in  the  mid- 
rib and  less,  almost  none,  in  the  short  walls.  It  is  shown  in  cross 
section  at/,  Plate  2. 

Tde  "1898"  deep-cell  foundation  is  the  kind  shown  at  d  of 
Plate  4.  It  ran  about  5.46  grains  to  the  square  inch,  or  approxi- 
mately, nine  square  feet  to  the  pound. 

The  "1899"  deep-cell  foundation  is  that  shown  in  Figure  g  of 
Plate  4,  and  it  weighed  5.10  grains  to  the  square  inch  or  9.53 
square  feet  to  the  pound. 

The  medium  brood  foundation  weighed  8.40  grains  to  the 
square  inch,  or  5.80  square  feet  to  the  pound.  It  is  shown  at  c  of 
Plate  2. 

The  very  heavy  foundation  averaged  11  grains  to  the  square 
inch,  or  4.42  square  feet  to  the  pound,  and  is  shown  at  a,  Plate  2. 

The  thickness  of  the  comb  samples  in  each  case  is  given  in  the 
second  column  in  the  table,  and  is  stated  in  inches  and  hundredths. 

The  third  column  gives  the  weights  in  grains  to  the  square 
inch  of  the  samples  used,  and  is  the  sum  of  the  weights  in  columns 
four  and  five,  which  give  the  weights  of  the  midribs  and  the  cell 
walls  respectively. 

The  column  at  the  right  gives  the  number  of  square  feet  of 
each  sample  of  comb  that  would  be  required  to  weigh  one  pound. 

Each  sample  was  of  whole  comb,  i.  c,  comb  drawn  to  a  greater 
or  less  thickness  but  not  capped,  so  that  the  cells  were  complete  as 
built. 

It  would  have  been  better,  or  at  least  easier,  to  compare  sam- 
ples of  comb  of  the  same  thickmss;  but  comb  varies  so  much  in 
this  respect  that  it  was  found  impossible  to  do  so  with  the  samples 
at  hand  in  the  experimental  apiary,  and  the  evidence  desired  seems 
to  be  fairly  ample  in  the  data  obtained  and  given  in  the  preceding 
table. 

First,  I  will  call  attention  to  the  fact  that  the  three  samples 
of  drone  comb,  varying  between  .88  and  .93  of  an  inch  in  thipkness. 
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are  considerably  heavier  than  samples  of  natural  worker  comb  of 
approximately  the  same  thickness. 

The  sample  of  comb  1.25  inches  thick  on  extra  thin  super 
foundation  is  but  .10  of  a  grain  heavier  than  the  average  of  the  two 
samples  of  natural  comb  of  the  same  thickness.  The  sample  1.22 
inches  thick  is  fully  as  light  in  proportion  to  its  thickness.  The 
two  thinner  comb  samples  on  this  foundation  do  not  compare  quite 
as  favorably  with  the  natural. 

The  thickest  sample  of  natural  comb  measured  1.37  inches,  and 
weighed  13  grains  to  the  square  inch.  No  sample  on  artificial  foun- 
dation as  thick  weighed  so  little,  while  one  sample  1.25  inches  thick 
on  thin  super  foundation  (A)  weighed  the  same.  All  samples  over 
.75  of  an  inch  thick  on  medium  brood  and  very  heavy  foundations 
weighed  from  about  one-fourth  to  two-thirds  heavier,  or  from  16.50 
to  19.60  grains  to  the  square  inch.  The  sample  1.13  inches  thick 
on  deep-cell  foundation  put  out  in  1898  exceeds  in  weight  the 
thickest  sample  of  natural  comb  by  1.9  grains  to  the  square  inch. 

The  samples  of  natural  comb  1.34  and  1.33  of  an  inch  thick  are 
also  exceeded  in  weight  by  the  same  thinner  samples  of  comb  on 
artificial-  foundations  just  mentioned. 

The  heavier  sample  of  natural  comb  measuring  1.25  inches 
thick  is  exceeded  in  lightness  by  one  sample  of  comb  on  thin  super 
foundation  of  the  same  thickness,  while  the  other  sample  of  the 
latter  is  heavier  than  the  natural. 

Tne  two  thickest  samples  of  comb  on  "1898"  deep-cell  founda- 
tion average  one-seventeenth  thicker  than  the  thickest  sample  of 
natural  comb,  but  their  weights  average  more  than  one-fourth 
heavier  than  those  of  the  latter.  Their,  comparsion  with  the  next 
two  samples  of  worker  comb  would  be  still  less  favorable  to  the  foun- 
dation. 

The  sample  of  natural  comb  measuring  1.13  inches  thick  seems 
not  to  be  unusually  light,  as  the  sample  1.15  thick  weighed  no 
more;  the  one  that  was  1.18  thick  hardly  exceeded  it,  and  the  one 
1.20  thick  weighed  even  less.  Comparing  this  comb  with  the  sam- 
ple of  the  same  thickness  on  the  "1898"  deep-cell  foundation,  we  find 
the  latter  is  heavier  than  the  former  by  more  than  one-h.<^lf  the 
weight  of  the  natural  comb.  In  other  words,  it  is  heavier  than  the 
natural  comb  by  almost  exactly  the  weight  of  the  deep-cell  founda- 
tion. The  two  samples  of  comb  on  this  foundation  that  are  .60  and 
.56  of  an  inch  thick  respectively  are  as  heavy  or  heavier  than  any 
of  the  samples  of  natural  worker  comb  measuring  from  1.20  inches 
in  thickness  down. 

The  "1899"  deep-cell  foundation  produced  a  comb  much  nearer 
the  natural  in  lightness.  Comparing  the  sample  1.50  inches  thick  with 
the  natural  sample  1.37  thick,  we  see  there  is  but  1.50  grains  differ- 
ence in  weight,  which  would  be  fully  accounted  for  by  the  greater 
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thickness  of  the  oomb  in  the  case  of  the  latter.  Comparing  with  the 
two  thickest  samples  of  comb  on  the  ''1898"  deep-cell  foundation^ 
either  of  which  is  thinner  than  the  ''1899"  sample,  we  notice  that 
the  latter  is,  nevertheless,  considerably  lighter  in  weight  | 

If  we  compare  the  sample  of  oomb  1.31  inches  thick  on  the 
"1899"  deep-cell  foundation  with  the  samples  of  natural  oomb 
measuring  1.33  and  1.35  inches  respectively,  we  find  a  good  mar- 
gin of  difference  in  favor  of  the  natural  samples,  although  they  are 
somewhat  thicker  than  the  example  on  foundation. 

These  comparisions  bring  us  again  to  the  conclusion  that,  of 
the  samples  of  foundation  that  we  have  studied,  the  thin  and  extra 
thin  super,  and  the  "1899"  deep-cell  foundations,  are  far  the  best  for 
the  production  of  a  oomb  to  compare  in  quality  and  lightness  with 
natural  comb. 

*  Now,  if  we  examine  columns  four  and  five  we  shall  see  that 
the  increased  weights  of  the  examples  of  comb  on  artificial  founda- 
tions were  due  more  to  the  extra  wax  in  the  cell  walls  than  to  the 
increased  amount  of  wax  in  the  midribs  in  cases  of  the  heavy  foun- 
dations, but  not  in  cases  of  the  thin  and  extra  thin  super,  or  "1899" 
deep- cell  foundations.  I  will  call  attention  to  a  few  exan;iples  and 
the  reader  may  compare  others. 

Beginning  with  the  heaviest  foundations  first,  it  will  be  seen 
that  the  comb  cells  in  the  sample  one  inch  thick  weighed  11.50 
grains,  against  7.50  grains  in  the  case  of  the  natural  comb  of  the 
same  thickness.  In  case  of  comb  one  inch  thick  on  medium  brood 
foundation,  the  cells  weighed  11.00  grains  to  the  square  inch. 

Take  the  samples  of  the  same  kinds  of  comb  that  are  .75  of  an 
inch  in  thickness  and  the  weights  of  cell  walls  are,  for  natural  comb, 
4.70  grains;  for  comb  on  medium  brood  foundation,  6.65  grains; 
and  for  comb  on  very  heavy  foundation,  7.80  grains.  It  will  also 
be.  noticed  that  the  two  samples  of  comb  on  "  1898"  deep-cell  founda- 
tion that  were  less  than  .75  of  an  inch  thick  had  cell  walls  that 
were  considerably  heavier  than  the  natural  comb  that  was  of  that 
thickness. 

If  we  combine  the  two  samples  of  medium  brood  comb,  one 
measuring  1.30  and  the  other  1.20  inches  thick,  we  shall  have  an 
average  of  a  sample  1.25  inches  thick,  the  cells  of  which  weigh  12.81 
grains  to  the  square  inch.  Comparing  this  with  the  weights  of  the 
cells  of  the  natural  comb  samples  of  the  same  thickness,  we  find 
it  exceeds  the  heavier  by  2.31  grains,  and  is  almost  one  and  one-half 

*  In  "  A,  B,  C  of  Bee  Culture,"  p.  67,  Mr.  E.  B.  Weed  is  reported  to  have  dis- 
covered "That  in  ordinary  foundations  upon  the  market,  there  was  too  much  wax 
in  the  base  (midrib)  and  not  enough  in  the  wall;  that  whenever  the  base  is 
thicker  than  the  bees  make  it  they  will  rarely  take  the  trouble  to  thin  it  down; 
but,  no  matter  how  thick  the  wall,  they  will  invariably  thin  it  down  to  the  thick- 
ness of  the  natural."  Both  these  statements  need  to  be  much  modified,  accord- 
ing to  the  experiments  here  reported. 
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times  the  weight  of  the  lighter.     It  even  exceeds  the  weight  of  the 
thickest  of  the  natural  comb  samples  by  2.01  grains. 

If  we  take  the  comb  cells  on  **1898"  deep-cell  foundation  that 
measured  1.13  of  an  inch  thick  and  compare  their  weight  with  the 
sample  of  like  thickness  of  natural  comb,  we  see  that  the  cells  of  the 
latter  are  lighter  .by  4.38  grains.  In  fact  the  cell  walls  of  this  sam- 
ple of  deep-cell  foundation  exceed  in  weight  any  of  those  of  the 
seven  thicker  samples  of  natural  comb. 

The  comb  samples  on  the  "1899''  deep-cell  foundation  had  cell 
walls  that  compare  very  favorably  with  the  natural  comb  in  lightness. 
The  comb  1.31  inches  thick  on  this  foundation  had  cells  that  weighed 
exactly  the  same  as  cells  of  natural  comb  that  was  1.33  inches 
thick,  and  the  cells  from  the  sample  1.60  inches  thick  did  not  weigh 
more  than  would  be  expected  for  natural  comb.  The  sample  of 
comb  .75  of  an  inch  thick  on  this  foundation  does  not  compare  so 
favorably  in  weight  of  its  cells. 

If  we  pass  to  the  coml:)  on  thin  super  foundations  we  again  find 
very  satisfactory  comparisons.  The  cells  from  comb  1  inch  thick 
and  from  comb  1.20  inches  thick  weighed  only  a  trifle  more  from 
the  foundation  than  from  natural  comb.  The  same  is  true  of  the 
average  of  the  two  samples  in  each  case  that  were  1.25  inches  thick. 
The  diflerences  being  so  slight,  go  to  show  that  there  is  practically 
no  difference  in  the  weight  of  cell  walls  of  natural  comb  and  comb 
of  the  same  thickness  on  the  thin  super  foundation. 

The  samples  of  comb  on  extra  thin  foundation  compare  equally 
well  with  natural  comb  in  the  lightness  of  their  cell  walls,  as  may 
be  seen  by  the  table. 

By  comparing  the  weights  of  the  comb  midribs  given  in-col- 
umn  four,  it  will  be  seen  that  the  lightest  midribs  from  comb  on 
foundation  are  not  quite  as  heavy  as  the  heaviest  midribs  in  natural 
worker  comb,  but  in  every  case  they  are  heavier  than  the  average 
weight  (2.10  grains  to  the  square  inch)  of  the  midrib  of  natural 
comb. 

With  this  additional  evidence,  it  seems  impossible  to  avoid  the 
conclusion  that  heavy  foundations  result  in  combs  heavier  than 
the  natural,  and  that  the  increased  weight  is  due  both  to  thicker 
midribs  and  heavier  cell  walls,  but  much  more  to  the  latter  than  to 
the  former  in  cases  where  heavy  foundations  are  employed,  even 
though  much  wax  is  left  unused  in  the  midrib. 

The  experiments  show  that  to  get  a  light  comb,  approaching 
that  which  the  bees  naturally  build,  there  must  not  be  a  large 
amount  of  wax  in  either  the  midrib  or  cell  walls  of  the  foundation. 

The  evidence  is  also  quite  conclusive  that  if  the  cell  walls  are 
very  high,  as  in  the  "1898"  deep-cell  foundation,  they  will  not 
often  be  well  thinned  in  the  building  of  the  comb.        ^  j 

Digitized  by  VjOOQIC 


16  Bulletin  54. 

to  what  extent  does  the  foundation  lessen  the  secretion  of 

wax  by  the  bees? 

Let  US  begin  with  the  comb  built  on  the  heavier  foundations 
and  compare  with  the  naturally  built  worker  comb,  to  determine 
the  effect  on  wax  secretion. 

Natural  worker  comb  1  inch  thick  weighed  10.00  grains  to  the 
square  inch.  The  very  heavy  foundation  alone  weighed  11.00 
grains,  or  1  grain  more  than  is  necessary  to  build  the  comb  to  that 
thickness.  But  when  comb  was  built  on  this  thick  foundation,  it 
weighed  18.50  grains,  so  that  the  bees  added  7.50  grains  to  the 
square  inch  to  the  foundation  that  itself  contained  more  wax  than 
was  necessary  to  build  the  comb.  As  natural  comb  weighs  but 
10.00  grains  to  the  square  inch,  the  bees  lacked  but  2.50  grains  of 
furnishing  as  much  wax  as  they  would  have  done  if  they  had 
built  the  comb  without  the  foundation.  *It  is  seen  that  11.00 
grains  of  wax  were  furnished  the  bees  in  order  to  save  them  the 
expense  iu  food  and  labor  of  producing  2.50  grains. 

In  case  of  the  medium  brood  foundation  weighing  8.40  grains 
to  the  square  inch,  the  result  was  similar.  The  bees  needed  to  add 
but  1.60  grains  to  this  to  build  the  comb  one  inch  thick,  but  they 
did  add  8.10  grains,  making  a  comb  weighing  16.50  grains  to  the 
square  inch.  As  the  amount  added  in  this  case  is  only  1.90  grains 
less  than  the  weight  of  the  natural  comb  of  the  same  thickness,  it 
cost  the  whole  weight  of  the  foundation,  or  8.40  grains,  to  save  the 
bees  from  secreting  1.90  grains  of  wax. 

As  another  illustration  with  this  same  foundation,  take  the 
samples  drawn  to  .75  of  an  inch.  The  average  weight  would  be 
12.50  grains.  This  is  5.90  grains  more  than  the  weight  of  samples 
of  natural  comb  drawn  to  the  same  thickness,  and  4.10  grains  more 
than  the  weight  of  the  foundation  alone,  notwithstanding  the  fact 
that  the  foundation  as  given  the  bees  contained  1.80  grains  to  the 
square  inch  more  wax  than  was  necessary  to  build  natural  comb  to 
that  thickness.  In  other  words,  the  bees  were  furnished  more  wax 
than  was  necessary  to  build  the  comb  three-quarters  of  an  inch 
thick,  and  yet  they  added  to  this  amount  more  than  nine-tenths  as 
much  wax  as  they  would  have  used  to  build  the  comb  without 
foundation. 

Passirg  now  to  the  Weed  deep-cell  foundation  manufactured 
in  1898,  we  tind  results  fully  as  surprising.  If  we  compare  the  sam- 
ple measurine  l.l.S  inches  thick  with  natural  comb  of  the  same 
thickness,  we  nnd  that  the  latter  is  lighter  by  5.35  grains.  As  the 
foundation  itself  weighed  only  5.46  grains  to  the  square  inch,  the 
indication  is  that  the  bees  used  as  much  wax  from  their  own  seciet- 


*  Cheshire  says  "Bees  very  rarely  work  more  than  half  their  cell  walls  out  of 
even  the  ptoutest  sheets  given  them."— -Bees  and  Bee  Culture,  V.  II.j^.  216.  * 
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ing  within  .11  of  a  grain,  as  they  would  have  done  if  no  foundation 
had  been  given. 

The  samples  of  comb  .56  and  .60  of  an  inch  thick  on  this 
foundation  contain  enough  wax  to  make  a  natural  comb  one  inch 
thick,  and  nearly  half  of  the  weight  was  added  by  the  bees. 

Reliable  results  are  not  so  readily  obtained  in  the  study  of  comb 
samples  on  the  light  foundations,  as  the  amount  of  wax  in  them  is 
small  and  the  natural  variation  in  comb  samples  is  considerable. 

The  thicke>)t  sample  on  the  thin  super  foundation  (B)  was 
only  .90  of  an  inch.  To  get  as  near  an  average  weight  of  the  nat- 
ural comb  as  possible  for  comparison,  let  us  combine  the  two  ex- 
amples that  measure  .90  of  an  inch  each  with  those  measuring  re- 
spectively 1.00  and  .80  of  an  inch.  The  average  would  be  8.40 
grains  to  the  square  inch.  The  difference  between  this  and  the 
sample  on  this  foundation  is  3.10  grains.  As  the  foundation 
itself  weighed  4.00  grains  to  the  square  inch,  the  indication  in  this 
case  is  that  the  saving  to  the  bees  was  the  difference  between  these 
weights,  or  .90  of  a  grain  to  a  square  inch,  or  about  23  per  cent,  of 
the  amount  of  wax  given. 

Far  better  results  were  obtained  in  the  use  of  thin  super  foun- 
dation (A),  the  average  weight  of  which  was  4.07  grains  to  the 
square  inch. 

Comparing  comb  1  inch  thick  on  this  foundation  with  natural 
comb  of  the  same  thickness,  we  find,  in  case  of  one  of  the  samples  in 
the  table,  there  is  but  .20  of  a  grain  difference  in  favor  of  the  latter. 
This  means  that  this  foundation  lessened  the  amount  of  wax  that 
the  bees  secreted,  by  95  per  cent,  of  its  own  weight. 

The  above  may  have  been  rather  an  exceptional  piece  on  the 
thin  foundation.  If  we  compare  the  sample  that  measured  1.20 
inches  in  thickness  with  a  similar  sample  of  natural  comb,  we  find 
a  difference  of  2  grains  to  the  square  inch.  As  the  foundation  was 
almost  exactly  twice  this  weight,  it  indicates  that  the  bees  were  re- 
lieved from  secreting  an  amount  of  wax  equal  to  half  the  weight 
of  foundation  given. 

It  is  important  to  notice  that  to  build  the  comb  on  this  foun- 
dation to  the  thickness  of  1.20  inches,  the  bees  added  the  difference 
between  11.50  and  4.07  grains  to  the  square  inch,  which  would  be 
7.43  grains,  and  this  is  actually  less  than  they  added  in  cases  where 
they  built  comb  to  a  thickness  of  only  one  inch  on  the  very  heavy 
and  the  medium  brood  foundations,  and  to  a  thickness  of  1.13  inches 
on  the  deep-cell  foundation,  though  in  any  one  of  these  last  three 
cases  they  were  furnished  more  wax  to  start  with. 

Again,  if  we  take  the  average  of  the  two  samples  of  comb  on  this 
thin  foundation  that  were  1.25  inches  thick  and  compare  it  with  an 
average  of  the  two  saniples  of  natural  comb  of  the  same  thickness, 
we  find  that  the  latter  is  .40  of  a  grain  lighter  to  th©  square  inch 
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than  the  former.  This  would  indicate  that  90  per  cent,  of  the  foun- 
dation was  utilised  by  the  bees  in  making  a  comb  but  slightly  heavier 
than  the  natural.  We  also  find  that  the  bees  actually  added  less 
to  this  foundation  in  order  to  draw  it  out  to  1.25  inches  in  thickness 
than  in  cases  where  they  built  comb  to  a  thickness  of  an  inch  on 
the  heavy  and  medium  brood  foundations.  Further  experiments 
are  needed  bearing  upon  this  point. 

If  we  compare  the  comb  built  on  the  '^1899"  deep-cell  founda- 
tion and  the  extra  thin  super  foundation  with  the  natural  comb,  we 
find  results  nearly,  or  quite  as  good  as  the  preceding.  For  exam- 
ples, the  comb  1.31  inches  thick  on  the  deep-cell  foundation  was  but 
1.13  grains  heavier  than  the  natural  sample  1.33  inches  thick,  and 
the  sample  on  this  foundation  that  was  1.50  thick  exceeded  the 
weight  of  natural  comb  1.37  inches  thick  by  only  1.50  grains. 

In  case  of  the  comb  on  extra  thin  foundation,  the  sample  that 
was  1.22  inches  thick  weighed  but  1.11  grains  to  the  square  inch 
more  than  the  natural  sample  that  measured  1.20  inches  thick ;  and 
the  sample  on  this  foundation  1.25  inches  thick  is  almost  exactly 
an  average  of  the  two  pieces  of  natural  comb  of  the  same  thickness. 

It  seems,  then,  from  all  the  evidence  furnished  by  the  forty- 
nine  samples  of  comb  listed  in  the  preceding  table,  that  we  do  not 
lessen  the  wax  secretion  of  the  bees  much,  if  any,  more  when  we 
furnish  them  a  heavy  foundation  than  when  we  furnish  them  a 
very  light  foundation. 

These  differences  between  the  heavy  and  light  foundations  for 
comb  building  seem  quite  remarkable,  and  in  a  large  series  of 
samples  might  not  result  so  much  in  favor  of  the  light  foundations ; 
but  the  samples  recorded  in  the  table  were  taken  without  any  at- 
tempt or  thought  of  favoring  one  form  or  weight  over  another. 

The  writer  believes  it  is  a  matter  of  much  importance  to  bee- 
keepers to  produce  comb  honey  with  as  small  an  amount  of  wax  as 
possible.  They  will,  in  this  way,  increase  the  consumption  of  their 
product,  as  many  people  object  to  comb  honey  because  of  the  large 
amount  of  wax  they  often  find  in  it. 

METHODS  OP  USING  FOUNDATION  IN  SBCTIONS. 

It  is  necessary  to  use  some-  foundation  in  sections  for  comb 
honey.  The  best  size  and  form  of  the  piece  of  foundation  to  be 
used  as  a  "starter"  is  not  universally  agreed  upon,  some  preferring 
one  form  and  some  another. 

The  diiBferent  methods  of  applying  these  starters,  shown  in 
Figures  a  to  jf  of  Plate  VI.,  have  been  tested  in  the  College  Apiary 
for  the  past  three  years. 

There  was  no  appreciable  difference  in  the  comb  produced  by 
using  starters  in  the  manners  shown  by  Figures  a,  c  and  d  The 
only  advantage  in  the  long,  narrow  piece,  shown  at  e,  was  that  it  had 
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a  tendency  to  secure  the  building  of  worker  comb  throughout  It 
has  one  disadvantage,  and  that  is  its  large  size  and  short  line  of  at- 
tachment, so  that  if  it  is  not*  well  secured  at  the  top  the  bees  are 
liable  to  cluster  upon  it  and  pull  it  loose.  The  long,  narrow  piece 
placed  across  the  top  of  the  section.  Figure/,  has  given  rather  bet- 
ter results  than  any  of  the  preceding,  as  the  bees  usually  attach  it 
quickly  at  the  ends,  thus  closing  the  top  comers.  I  have  also  used 
many  starters  like  the  preceding,  but  extending  about  half  way 
down.  Figures  A,  i  and  j  represent  comb  on  such  starters.  It  will 
be  noticed  there  are  no  holes  in  the  upper  corner  or  sides.  At  n  is 
a  section  of  comb  built  on  a  full-sized  starter,  as  shown  at  g.  It 
will  be  noticed  that  the  comb  cells  are  all  uniform  in  size  and  the 
comb  evenly  filled  out  Such  comb  when  filled  and  capped,  is 
handsome  in  appearance,  like  the  samples  shown  at  9,  and  brings 
the  highest  market  price.  In  my  experiments  the  sheets  that  ex- 
tended half  way  down  gave  as  good  results  as  those  that  filled  the 
section.  The  use  of  small  pieces  of  foundation  in  the  lower  corners, 
as  shown  at  Figure  c,  gave  no  beneficial  results. 

The  use  of  short  strips  of  foundation  in  the  middle  of  the  bot- 
tom of  the  section,  as  shown  at  b,  has  resulted  in  somewhat  better 
attached  combs  at  the  bottom  of  the  section,  especially  during  a 
slow  honey  flow. 

Figures  k,  I  and  m  show  how  comb  is  usually  extended  from  a 
small  piece  of  foundation,  leaving,  very  often,  holes  in  both  upper  cor- 
ners. If  the  hon^y  is  coming  in  slowly  and  the  colony  is  not  very 
strong,  the  sections  are  liable  to  be  finished  like  the  two  shown  at  0 
and  p  of  the  same  plate.  Not  only  are  these  sections  light  in  weight 
and  slow  to  sell,  but  they  will  not  ship  well,  for  the  jar  of  handling 
will  break  many  from  their  attachments  in  the  sections.  I  have 
found,  however,  that  such  sections  of  honey  are  due  much  more  to  a 
weak  condition  of  the  colony  and  a  poor  honey  flow  than  to  the  man- 
ner of  using  foundation.  Under  such  conditions  even  large  pieces  of 
foundation  are  often  gnawed  away,  as  shown  at  Figures  q  and  r. 
When  the  colony  is  strong  and  the  honey  flow  good,  small  pieces 
of  foundation,  like  the  one  shown  at  a,  will  often  produce  just  as 
finely  filled  sections  as  can  be  obtained  from  full-sized  pieces  with 
strips  below.    Moral :    Keep  the  colonies  strong. 

Comb  built  upon  foundation  is  always  tougher  and  more  waxy 
than  the  natural  comb,  and  a  cross-section  will  show  that  the  mid- 
rib and  bases  of  the  cells  are  darker  in  color.  So  that  while  the 
large  pieces  of  foundation  result  in  a  somewhat  finer  appearing 
capped  hon^y,  the  small  starters  will  result  in  a  more  delicate  and 
brittle  comb. 

ADVANTAGES  FROM  THE  USE  OF  SEPARATORS. 

Most  producers  of  comb  honey  recognize  the  advantage  in  the 
use  of  thin  strips  of  wood  or  tin  between  the  rows  of  sections  in  the 
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supers.  Without  them  the  comb  is  sure  to  be  uneven  in  a  large 
proportion  of  the  sections,  and  in  many  cases  it  will  be  bulged  so  as 
to  make  it  very  difficult  to  pack  the  sections  in  a  crate  tor  ship- 
ment. Illustrations  of  such  sections  are  shown  at  h  of  Plate  5. 
These  sections  also  vary  much  in  weight,  some  weighing  consider- 
ably more  than  a  pound,  while  others  weigh  as  much  less.  They 
are  not  as  attractive  nor  as  easily  handled  upon  the  market  as  those 
that  are  built  with  flat  faces  that  do  not  project  beyond  the  edges  of 
the  section,  and  that  are  all  uniform  in  weight  and  appearance,  as 
shown  at  b  of  Plate  6.  I  have  used  the  tin  and  board  separators 
in  about  equal  numbers  and  have  been  unable  to  see  that  one  has 
any  special  advantage  over  the  other. 

I  have  also  used  separators  upon  one  side  and  upon  both  sides 
of  the  sections.  While  very  good  sections  of  honey  are  obtained  by 
the  use  of  separators  upon  one  side  only,  the  results  have  been 
enough  better  when  used  upon  both  sides  to  make  the  latter  plan 
advisable.  In  my  experiments  the  sections  that  had  no  separators 
averaged  one  half  ounce  more  in  weight  than  those  with  separators 
on  one  side  only,  and  the  latter  weighed  one-half  ounce  more  than 
the  sections  that  had  separators  on  both  sides.  As  these  lighter, 
better  appearing  sections  sell  better  than  the  heavier,  ill  appearing 
ones,  there  is  a  double  advantage  in  their  production. 

PROPORTION  OF   WAX   IN  COMB  HONEY. 

Beeswax  does  not  melt  at  the  temperature  of  the  body  and  is 
indigestible  in  the  human  stomach.  Although  this  does  not  neces- 
sarily imply  that  beeswax  is  harmful  in  food,  it  becomes  a  matter 
of  some  interest  to  know  how  much  wax  is  taken  with  ordinary 
comb  honey  when  the  latter  is  eaten.  It  is  also  a  matter  of  interest 
to  know  how  much  wax  the  bees  are  compelled  to  secrete  for  every 
pound  of  honey  that  they  store  in  the  natural  way. 

As  a  thick  comb  has  but  one  midrib,  and  €ls  the  walls  of  the 
cells  are  heavier  near  the  midrib  than  they  are  towards  their  outer 
portions,  it  is  evident  that  comb  one  and  one-half  inches  thick 
would  not  be  half  heavier  than  comb  one  inch  thick.  The  increased 
weight  of  the  thicker  comb  would  be  due  entirely  to  the  additional 
wax  required  to  extend  the  walls  of  the  cells  one- half  inch,  and  to 
that  only.  On  the  other  hand,  it  is  equally  evident  that  the  honey 
filling  a  comb  one  and  one-half  inches  thick  would  weigh  half  more 
than  honey  filling  a  comb  one  inch  thick.  Consequently  the 
weight  of  wax  in  thick  combs  is  less  in  proportion  than  in  thin 
combs.  The  weights  given  in  the  following  table  shows  this  to  be 
true: 
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Table  Giving  the  Proportionate  Weights  of  Honey  and   Wax  in  Capped 

Comb  Honey, 


KINDS  OF  COMB. 


Natural . 


On  Small  Starker. 
»i        It  »t 


On  Fall  Piece  *99  Deep. Cell  Starter. 
On  Fall  Pi.  ce  '«3  Deep-Cell  Starter. 


li 


1.87 

1.13 

.75 


I' 


aOB.46 
174.00 
75.00 
874  00 
351.00 
846.00 
344.20 
344.00 
312.80 
287.00 
544.00 
4U4.00 


^B 


297.06 
167.71 
71.14 
856.76 
834.40 
830.40 
828.50 
328.10 
206.00 
278.20 
525.08 
S84.00 


l§ 


10.50 
6  29 
3.86 
17.24 
16.60 
16.60 
15.70 
15.81 
14.80 
18.80 
18.92 
20.00 


^1 

u 


1  to  28.38 
1  to  26.66 
1  to  18.43 
1  to  20.70 
1  to  20.02 
1  to  21.12 
1  to  20.92 
1  to  20.76 
1  to  20.18 
1  to  19.80 
1  to  27.75 
1  to  19.70 


In  case  of  natural  comb  honey  1.37  inches  thick  the  honey 
weighed  28.38  times  as  much  as  the  wax,  while  the  sample  .75  of 
an  inch  thick,  which  was  built  at  the  same  time  as  the  thicker 
comb  and  by  the  side  of  it,  had  only  18.43  times  as  much  honey  as 
wax.  The  intermediate  sample  (1.13  inches  thick)  had  26.66  times 
as  much  honey  as  wax. 

All  other  comb  samples  in  this  table  were  taken  from  sections 
measuring  4Jx4J  inches  and  If  inches  thick.  The  combs  were 
built  on  small  top  starters,  except  in  case  of  the  last  two  examples, 
one  of  which  was  built  upon  a  full-piece  ot  the  "1899'*  deep-cell 
foundation  and  the  other  upon  a  similar  sheet  of  "1898"  deep-cell 
foundation.  The  thickness  of  the  comb  was  not  taken  in  these  sec- 
tions, but  it  did  not  vary  much  from  one  and  one-fourth  inches  iu 
any  case. 

The  comb  in  the  sections  with  small  starters  did  not  vary 
much  from  one-twentieth  of  the  weight  of  honey  in  any  case,  and 
the  proportion  of  wax  was  somewhat  greater  than  in  the  samples  of 
natural  comb  of  similar  thickness. 

Passing  to  the  sample  of  comb  on  the  -^ISOO"  deep-cell  founda- 
tion, we  notice,  first,  that  it  is  much  heavier  than  any  of  the  preced-^ 
ing,  and  hence  much  thicker,  and  in  consequence  it  has  a  much 
higher  ratio  of  honey  to  wax,  1  to  27.76.  This  is  also  in  keeping 
with   results  announced   on   previous  pages,  indicating  that  thi^ 
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foundation  is  drawn  out  by  bees  into  a  oomb  approximating  the 
lightness  of  the  natural  product. 

In  contrast  to  this  last  example,  but  also  in  harmony  with 
results  given  on  preceding  pages,  notice  that  the  '4898"  deep-cell 
foundation  gave  a  comb  heavier  than  the  preceding,  though  the 
honey  weighed  less  by  more  than  one-fourth.  The  proportion  of 
wax  to  honey  was  greater  in  this  case  than  in  any  of  the  others, 
except  that  of  natural  comb  only  .75  of  an  inch  thick.  It  should 
have  given  a  larger  proportion  of  honey  than  any  of  the  samples 
built  on  small  starters,  as  the  comb  in  the  latter  ,was  thinner  in 
every  case. 

From  the  facts  given  in  the  above  table,  it  is  evident  that  if  we 
are  to  secure  a  comb  honey  with  the  least  possible  amount  of  wax, 
it  will  be  necessary  to  have  it  built  in  sections  that  will  secure  the 
greatest  thickness  of  comb.  In  this  way  we  can  also  economize 
very  considerably  the  labor  and  energy  of  the  bee  in  wax  secretion 
and  comb  building. 

Attention  might  also  be  called  to  the  fact  that  it  takes  more 
wax  and  more  work  for  the  bees  to  cap  ten  pounds  of  honey  in  thin 
comb  than  in  thick  comb. 

The  reader  will  not  understand  that  I  am  advocating  the  use 
of  deep  sections ;  there  may  be  other  reasons  why  they  are  not  pre- 
ferable; I  am  only  mentioning  points  which,  according  to  my 
experiments,  favor  thin  sections. 
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It  is  a  well  known  fact  among  bee-keepers  that  bees  can  be 
stimulated  to  early  brood  rearing  in  spring  by  patting  out  some 
kind  of  finely  ground  meal  or  flour,  which  they  take  as  a  substitute 
for  pollen.  Writers  vary  in  their  opinions  as  to  what  is  the  best, 
but  it  is  commonly  recommended  to  use  rye,  oats,  or  pea  meal. 
Common  wheat  flour,  wheat  middlings,  corn  meal,  barley  meal,  and 
malt  all  have  their  advocates.  It  was  thought  best  to  put  out  at 
one  time  a  good  number  of  these  substitutes  for  the  purpose  of 
determining  which  would  be  given  the  preference  by  the  bees.  To 
do  this  a  number  of  boards  were  laid  flat  upon  the  ground  in  the 
vicinity  of  the  apiary,  a  small  pile  of  each  kind  of  meal  put  upon 
them  and  notes  taken  upon  the  results. 

It  was  found  that  any  of  the  substances  used  would  be  taken 
freely  when  used  alone.  Also  that  the  preference  did  not  always 
go  to  the  same  feed. 

Results  with  the  first  series  of  tests  were  published  in  the 
Seventh  Annual  Report  of  this  Station.  As  that  report  did  not 
reach  a  large  number  of  general  readers,  and  as  subsequent  tests 
lead  to  some  change  in  the  order  of  preference,  I  have  tiiought  it 
best  to  report  upon  the  work  again  here.  The  order  of  preference 
as  nearly  as  could  be  judged  ran  as  follows :  Ground  whole  kernels 
of  oats,  corn,  and  wheat,  fine  wheat  bran,*  cleaner  dust,t  cotton- 
seed meal,  wheat  bran,  pea  meal,  wheat  flour,  rye  flour,  bean  meal, 
barley  meal.  The  three  last  named  they  would  hardly  touch  as 
long  as  others  were  accessible. 

As  pollen  furnishes  the  bees  with  nitrogenous  food,  it  seems 
probable  that  those  substitutes  for  pollen  that  have  most  nitrogen, 
or  rather,  that  furnish  the  chemical  compounds  most  nearly  in  the 
proportions  that  they  are  found  in  pollen,  would  be  best  suited  to 
take  the  place  of  pollen  in  the  dietary  of  the  bee. 

In  order  to  determine  whether  or  not  the  chemical  composition 
of  the  food-stufis  best  liked  by  the  bees  were  more  like  the  composi- 
tion of  pollen  than  the  others,  I  had  a  quantity  of  com  pollen  col- 

*  Bran  ground  over  so  as  to  be  fine. 

t  Waste  dust  and  chaff  as  taken  from  cleaners  at  flouring  miU^  , 
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lected  and  taken  to  Dr.  W.  P.  Headden,  Station  Chemist,  for  analysis. 
In  the  table  below  the  first  analysis  is  that  of  corn  pollen  made  by 
Dr.  iteadden,  and  the  analyses  of  the  other  materials  are  compiled  : 


NAME 

Com  Pollen 

Oats    Groand 

Com       "       

Wheat     "       

Wheat  Bran 

Cotton.eeed  Meal 

Pea  Meal 

Wheat  Flour 

Bye  Floor 

Bean  Meal 

Barley  Meal 


Water. 


8.444 

9.8 
18.6 
11.5 
U.O 

8.0 

8.8 
12.6 
14.0 
£2.0 
18.1 


5.089 

8.5 

1.4 

2.0 

5.7 

6.9 

2.6 

0.7 

1.6 

1.4 

2.4 


Crade 
Fibre. 


7.970 

8.5 

1.9 

2.9 
10.4 

6.7 
17.7 

0.7 

1.5 

2.1 

5.7 


Fat. 


1.52S 
3.6 
8.4 
2.0 
5.0 
10.0 
1.6 
1.2 
1.6 
8.5 
1.9 


Protein. 


19.596 
11.4 
9.6 
12.1 
15.9 
42.0 
19.2 
11.8 
10.5 
11.0 
11.8 


Nitrogen 
Free  Extract. 


62.428 

63.7 

70.1 

69.5 

S2.0 

25.7 

50.1 

74.1 

72.5 

65.0 

65.6 


It  will  be  noticed  that,  while  the  nitrogenous  material  (protein) 
is  high  in  the  pollen,  it  is  not  very  high  in  some  of  the  flours  best 
liked  by  the  bees,  as  for  example,  corn  and  oats.  Cotton-seed  meal 
runs  very  high  in  protein  and  was  not  specially  liked. 

So  there  are,  doubtless,  other  reasons  than  the  amount  of  nitro- 
genous food  material,  that  influence  the  bees  to  take  substitutes  for 
pollen.  It  is  probable  that  the  aroma  and  mechanical  qualities 
may  have  much  to  do  in  determining  their  choice.  There  is  noth- 
ing very  definite  in  the  above  order  of  choice  of  the  different  foods 
used.  The  order  will  often  vary  on  consecutive  days,  or  even  on 
consecutive  hours. 

It  is  by  no  means  certain  that  the  flour  the  bees  like  best  is 
best  for  them,  for  this  manner  of  supplying  them  nitrogenous  food  is 
entirely  artificial.  The  best  substitute  for  pollen  is  that  food  which 
the  bees  will  take  and  upon  which  they  do  best,  and  it  seems 
probable  that  it  will  have  a  chemical  composition  approximating 
that  of  natural  pollen. 
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SUMMARY  OF  MORE  IMPORTANT  CONCLUSIONS. 


1.  Bees  use  freely  the  wax  in  foundation  to  extend  both  the 
midrib  and  the  cell  walls  of  honey  comb. 

2.  The  heavier  the  foundation  used,  the  heavier,  as  a  rule, 
will  be  the  comb  built  upon  it. 

3.  If  the  midrib  of  a  foundation  is  much  lighter  than  that  ot 
natural  comb,  the  bees  are  likely  to  strengthen  it  by  adding  wax  to 
the  bottom  of  the  cells.* 

4.  If  the  midrib  of  the  foundation  is  thicker  than  the  mid- 
rib of  natural  comb,  it  will  result  in  a  comb  with  a  midrib  thicker 
than  the  natural.  Or,  to  state  it  differently,  the  bees  will  not  thin 
the  midrib  of  a  foundation  down  to  the  thickness  of  worker  comb 
built  in  the  natural  way. 

5.  Midribs  of  foundation  that  are  not  more  than  .17  of  a 
millimeter  (.007  inch)  in  thickness,  are  thinned  little  or  none  by  the 
be€8.  . 

6.  Drone  comb  has  a  thicker  midrib  and  heavier  cell  walls 
than  worker  comb. 

7.  A  foundation  with  a  heavy  midrib  and  very  slight  cell 
walls,  will  still  produce  a  comb  with  heavy  cell  walls. 

8.  Very  high  cell  walls  in  foundation  are  not  cut  down  to 
the  thinness  of  cell  walls  in  natural  comb. 

9.  The  thin  and  extra  thin  and  the  "1899"  deep-cell  founda- 
tions produce  a  comb  that  approximates  very  closely  the  lightness 
of  that  which  is  naturally  made  by  the  bees. 

10.  When  heavy  foundations  are  used,  the  extra  weight  of 
the  comb  built  upon  them  is  due  more  to  the  extra  weight  of  the 
cell  walls  than  to  the  heavier  midrib. 

*  Poesibly  this  is  only  done  where  there  are  actual  perforations  of  tlm  comb. 
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11.  When  very  light  foundations  are  used,  the  somewhat 
heavier  comb  is  due  ahnost  entirely  to  the  midrib  being  heavier 
than  that  of  natural  comb. 

12.  When  foundations  containing  an  abundance  of  wax  to 
build  the  entire  comb  are  used,  the  bees  still  add  much  more  wax, 
sometimes  nearly  enough  to  build  the  comb  without  the  help  of  the 
wax  in  the  foundation. 

13.  Wax  seems  to  be  given  with  the  best  economy  when  the 
midrib  of  the  foundation  is  of  the  thickness  of  the  midrib  of  natural 
comb,  and  when  there  is  a  small,  or  at  most  a  moderate,  amount  of 
wax  in  the  cell  walls. 

14.  Poorly  attached  combs  in  sections  seem  to  be  more  the 
result  of  weak  colonies  and  poor  honey  flow  than  to  the  kind  of 
starter  that  is  used ;  though  large  starters  and  strips  of  foundation 
in  the  bottom  of  the  sections  do  help  to  strengthen  the  union  of 
comb  to  the  section. 

15.  Separators  between  the  sections  are  essential  to  the  best 
results  in  producing  comb  honey. 

16.  The  thicker  the  comb,  whether  natural  or  artificial,  the 
greater  the  proportion  of  honey  to  wax  in  it. 

17.  In  natural  worker  comb,  one  inch  thick,  the  proportion 
of  wax  to  honey  is  between  1  to  20  and  1  to  25  by  weight. 
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EXPLANATION  OF  PLATES. 


Plate  1. 
a,  blackened  saper  foundation ;  6,  sections  of  comb  built  on  a 
strip  of  blackened  foundation  as  shown  at  a;  c,  comb  built  on  nar- 
row strip  of  foundation  as  shown  at  a ;  d,  fully  drawn  comb  built  on 
full-piece  starter  of  black  foundation ;  e,  midrib  of  natural  worker 
comb  after  removing  the  cells;  /,  midrib  of  comb  built  on  "1898" 
deep  cell  foundation ;  g,  comb  that  the  bees  have  just  begun  to  draw 
on  medium  brood  foundation,  enlarged  about  two  diameters ;  h,  like 
the  preceding  except  that  the  cells  are  fully  drawn. 

Plate  2. 
a,  cross-section  of  very  heavy  foundation ;  6,  midrib  of  comb 
built  on  very  heavy  foundation  in  upper  two-thirds,  the  lower  third 
being  natural  midrib  extended  by  the  bees;  c,  cross-section  of 
medium  brood  foundation ;  d,  like  the  preceding  except  that  the 
bees  had  begun  to  draw  out  the  cells  in  the  upper  two-thirds  of  the 
figure ;  6,  the  same  as  d  with  the  cells  farther  drawn ;  /,  a  rather 
heavy  super  foundation  blackened  with  lamp-black ;  g,  section  of 
comb  on  heavy  foundation  shown  at  a;  A,  comb  on  foundation 
shown  at/;  i,  the  upper  two-fifths  like  h  and  the  remainder  natural 
drone  comb ;  j,  section  of  thin  super  foundation ;  k,  the  same  as  the 
preceding  with  the  cells  partly  drawn;  2,  section  of  extra  thin 
foundation. 

Plate  3. 
a,  section  of  oomb  on  thin  foundation  in  upper  half,  natural 
comb  in  lower  half;  b,  natural  oomb ;  c,  natural  oomb  cut  from  side 
to  side  of  a  section  of  honey;  d,  comb  built  on  "1898"  deep-cell 
foundation;  a,  cells  of  natural  worker  comb  cut  in  ci^ss-section ;  /, 
cells  of  natural  drone  comb  in  cross-section ;  ^,  cells  of  worker  comb 
in  cross-section,  the  upper  one-third  of  which  was  ;built  on  the 
foundation  shown  at  /  of  Plate  2,  and  the  rest  is  natural. 

Plate  4. 
a,  cross-section  of  comb  cells,  the  upper  third  of  which  were 
built  on  "1898"  deep-cell  foundation;  6,  cross-section  of  worker 
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comb  built  on  very  heavy  foundation ;  c,  section  of  comb  built  on 
**1898"  deep-cell  foundation ;  d,  section  of  "1898"  deep-cell  founda- 
tion; «,  cross-section  of  the  cells  of  "1898"  deep-cell  foundation 
before  being  worked  by  the  bees;  /,  section  of  comb  on  the  "1898" 
deep-cell  foundation;  g,  section  of  "1899"  deep-cell  foundation;  h^ 
partly  drawn  comb  on  the  preceding  foundation. 

Plate  5. 
a,  section  of  comb  on  "1899"  deep-cell  foundation ;  6,  cross- 
section  of  cell  walls  of  the  "1899"  deep-cell  foundation  before  they 
have  been  worked  at  all  by  the  bees ;  c,  section  of  the  Weed  "thin- 
base-and-heavy-wall"  foundation ;  d,  section  through  comb  to  show 
that  the  midrib  can  be  cut  so  as  to  give  a  straight  line ;  6,  another 
sample  of  comb  manufactured  by  Mr.  Weed  with  extremely  thin 
midrib  and  high  and  heavy  walls;  /,  comb  on  medium  brood 
foundation ;  g^  comb  on  extra  thin  super  foundation ;  /i,  sections  of 
honey  showing  how  comb  is  bulged  when  separators  are  not  used ; 
i,  comb  on  "1898"  deep-cell  foundation  somewhat  magnified,  show- 
ing the  heavy  basal  portion  of  the  cell  walls. 

Plate  6. 
a\o  g,  diflFerent  methods  of  using  starters  in  sections ;  /i,  i  and 
jy  showing  how  comb  is  built  on  starters  that  fill  the  sections  half 
way  down ;  i,  I  and  m,  showing  method  of  building  down  comb 
from  small  starter;  n,  comb  built  on  a  full-piece  starter;  o  andp, 
the  way  sections  are  finished  in  weak  colonies  or  during  a  poor 
honey  flow,  particularly  with  small-piece  starters ;  q  and  r,  large 
piece  starters  that  the  bees  have  gnawed  away  during  dearth  of 
honey ;  s,  the  way  sections  should  be  finished. 
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FOHESTS  m  SHOW 


By  L.  G.  carpenter. 


The  intimate  eonnection  between  the  melting  snow  banks  of  the 
mountains  and  the  agricultural  prosperity  of  Colorado  is  too  evident 
to  those  acquainted  with  the  conditions  of  the  State  to  need  discussion, 
for  most  of  the  water  which  carries  fertility  to  the  fields  and  farms 
comes  from  the  white-capped  mountains;  but  even  among  those  most 
interested  in  the  agriculture  of  the  State  there  have  been  some  who  have 
had  a  question  as  to  the  extent  to  which  the  forests  were  useful.  Some 
have  even  advocated  their  destruction,  under  the  supposition  that  the 
water  supply  would  be  increased. 

While  it  is  not  thought  by  the  writer  that  the  forests  materially 
affect  the  rainfall  in  our  Colorado  mountains,  their  influence  as  a  pro- 
tecting cover  for  the  snow  and  in  saving  it  from  premature  melting 
and  the  effect  of  winds,  which  increase  the  evaporation,  is  an  important 
fimction.  Without  intending  to  enter  upon  a  discussion  of  the  question 
at  this  time,  this  bulletin  is  more  especially  intended  to  bring  out  some 
of  the  relations  of  the  forests  to  our  water  supply,  which  have  become 
evident  in  our  study  of  one  of  the  typical  irrigation  streams,  and  also 
to  present  some  of  them  pictorially,  in  such  form  as  to  help  the  reader 
draw  conclusions  for  himself. 

For  some  years  attempts  have  been  made  to  obtain  photographs 
which  would  show  certain  conditions,  but  as  visits  to  the  localities  in 
question  were  usually  made  for  other  purposes,  the  trips  were  too  late 
to  be  at  the  best  time  to  examine  the  effect  of  the  forests.  It  was  found 
that  it  would  be  necessary  to  go  earlier  in  order  to  obtain  views  desired, 
and  to  make  trips  for  that  special  purpose.  Hence,  when  the  heavy 
snowfall  of  1899  gave  promise  of  remaining  late  enough  in  the  summer 
to  permit  visits  to  the  regions  without  interference  with  other  work, 
advantage  was  taken  of  it.  Correspondence  had  been  opened  with  moun- 
tain friends,  who  with  long  acquaintance  with  mountain  conditions  had 
had  unusual  chances  for  observation.  They  were  asked  to  let  me  know 
when  the  snow  cover  had  so  melted  that  the  ground  appeared  in  places, 
and  also  the  places  where  green  timber  and  bare  spots  were  near  to- 
gether, so  that  the  conditions  could  be  readily  compared.  A  portable 
dark-room  was  prepared  for  developing  in  the  field.  Reports  that  the 
conditions  were  favorable  were  received  from  three  correspondents  on 
the  same  day.  The  snow  fields  were  melting  so  fast  that  only  one  section 
could  be  visited  while  the  conditions  were  favorable,  and^his  was  near 
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the  headwaters  of  the  Cache  a  la  Poudre.  Two  places,  some  twenty 
mile  apart,  were  visited.  One  on  the  divide  between  the  Poudre  River 
and  Estes  Park,  and  the  other  on  the  headwaters  of  the  Laramie  Biver. 
The  former  was  visited  under  the  guidance  of  Mr.  John  Zimmerman, 
who  is  a  native  of  Switzerland,  and  who  has  lived  in  the  high  elevations 
of  Colorado  for  nearly  twenty  years;  the  latter,  under  the  direction  of 
Mr.  John  McNabb,  who  has  also  had  a  long  and  intimate  acquaintance 
with  high  elevations.  The  results  are  shown  in  the  plates,  which  speak 
for  the  photographic  skill  and  successful  carrying  out  of  instructions 
by  Mr.  J.  D.  Stannard,  then  assistant  in  the  Department  of  Engineer- 
ing. It  is  believed  that  no  more  striking  series  of  photographs  on  this 
subject  has  been  brought  together.  They  enable  a  comparison  of  the 
conditions  to  be  made  by  the  reader  and  repay  examination  and  thought- 
ful consideration  in  connection  with  the  charts. 

We  hoped  to  obtain  an  additional  series  of  photographs  during  the 
subsequent  winter,  but  the  character  of  the  snowfall  was  imfavorable 
for  this  purpose. 

A  general  description  of  the  condition  of  the  streams,  as  connected 
with  the  melting  of  the  snows,  is  desirable  as  a  basis  for  the  explana- 
tion of  the  views. 

CHARACTER  OF   THE   STREAMS. 

Colorado  is  moderately  supplied  with  rain,  the  annual  precipitation 
averaging  about  fourteen  inches.  In  the  mountain  areas,  the  amount 
varies  with  the  elevation  and  topographical  conditions,  but  the  increase 
with  elevation  is  not  marked  until  the  extremely  high  elevations  are 
reached.  In  these  places  observations  are  under  exceptional  conditions, 
and  too  few  in  number  to  form  a  safe  guide.  On  the  eastern  slope  of 
the  mountains,  the  precipitation  is  mostly  due  to  the  easterly  winds 
brought  in  by  the  passage  of  an  area  of  low  barometer  to  the  south. 
The  air  is  forced  up  by  the  mountain  ranges,  and  cooled  by  the  eleva- 
tion enough  to  cause  condensation  and  precipitation.  Sometimes  there 
are  extremely  heavy  local  showers,  often  called  cloudbursts.  Much  of 
the  precipitation  at  the  higher  elevations,  even  in  the  summer  months, 
is  in  the  form  of  snow.  June,  July  and  August  are  practically  the 
only  months  in  the  year  when  rain  falls  at  or  above  timber  line.  Snow- 
falls are  not  uncommon  down  to  an  elevation  of  6,000  feet,  even  in  May. 

The  rain  runs  off  quickly  and  may  immediately  influence  the 
streams.  The  snow  remains  until  it  is  melted  or  evaporates.  Its  effect 
is  gradual,  and  may  thus  last  for  some  time.  Most  of  the  winter  pre- 
cipitation in  the  mountains  remains  on  the  ground  in  the  form  of  snow 
until  spring.  A  portion,  sometimes  not  inconsiderable,  evaporates,  es- 
pecially when  the  snow  is  porous  or  soft  It  may  then  be  seen  to  vis- 
ibly decrease.  Heavy  winds  which  blow  the  snow  about  increase  this 
loss.  Some  of  the  mountain  observers  say,  "The  wind  just  naturally 
wears  it  out." 

In  the  case  of  land  denuded  of  timber  the  surface  is  generally  hard, 
and  the  water  runs  off  rather  than  penetrates.  In  the  forest  areas  the 
soil  is  looser,  more  porous  and  absorbent,  and  takes  up  water  freely. 
In  such  areas  springs,  or  springy  soil,  are  more  common,  while  tljey  are, 
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rarely  found  in  tracts  burned  over  or  denuded  of  timber.  It  is  the  water 
from  these  springs  which  maintains  the  flow  of  the  rivers  from  Sep- 
tember to  April.  Their  decrease  is  cause  for  alarm.  Within  the  past 
few  years  the  Poudre  at  one  time  fell  to  less  than  forty  cubic  feet  per 
second.  April  and  May  are  the  months  of  heaviest  rainfall;  most  of 
the  continued  storms  occur  during  these  months.  Yet,  our  river  rec- 
ords, now  carried  on  for  nearly  twenty  years,  show  that  these  rains  have 
comparatively  little  effect.  A  rise  in  the  river  due  to  a  storm  is  dis- 
tinguishable from  one  due  to  melting  snow,  as  may  be  seen  from  the 
diagrams.  The  snows  show  a  daily  tide,  usually  at  the  same  hour. 
The  rises  due  to  storms  are  irregular  in  time  and  character.  An  un- 
expected effect  is  that  rains  in  the  mountains  usually  decrease  the 
amount  of  water.  The  cloudiness  associated  with  the  storms  prevents 
more  thawing  than  the  rain  supplies. 

If  the  area  covered  by  snow  has  been  extensive  and  extends  to  a 
relatively  low  elevation,  with  the  coming  of  warm  weather  the  snow 
melts  soonest  on  the  low  areas.  As  a  rule  these  are  less  protected 
from  the  rays  of  the  sun.  Melting  proceeds,  even  to  considerable  ele- 
vations, in  tiie  direct  rays  of  the  sun,  though  freezing  may  be  going  on 
at  the  same  time  in  the  shade,  as  on  the  north  side  of  the  ridges.  A 
forest  cover  protects  from  the  direct  rays  of  the  sun  just  as  the  ridges 
do. 

In  the  middle  of  the  summer,  snow  is  to  be  found  at  moderate 
elevations  only  in  the  forests  or  under  ridges  where  sheltered  from  the 
direct  rays  of  the  sun.  As  melting  proceeds  the  tributaries  are  swollen, 
and  the  main  streams  increase  in  volume,  their  maximum  being  reached 
long  before  the  greatest  heat  of  summer.  Though  the  melting  is  faster, 
the  snow  areas  are  so  much  less  that  the  aggregate  is  reduced,  hence, ' 
the  stream  decreases. 


c 

A 

:i\ 

ir 

1 

A 

PI 

IL 

a 

VI 

r  1 

II 

^1 

IV 

IC 

R 

11 

^1 

11 

ti 

it 

MM 

f^ 

\ 

/ 

\ 

s^ 

J 

k 

/ 

^ 

^ 

fJ 

/ 

V. 

»a 

^ 

,^_ 

J 

AN 

0   J 

1     « 

1 

9    I 

Ft 

1. 

1 

HI 

lA 

* 

> 

0  i 

r. 

9    M 
1 

9    t 
lA 

0  3, 

J 

7    A 

9   J 

9    « 

0  I 
lUI 

0   J 

9    i 

c. 

/    / 

8 

0    f 

KP 

0  J 

T. 

0    A 

9     I 

0    i 

T. 

f    / 

0   ? 
MO 

0  3 
V. 

0    I 

I 

W< 

?/ 

Figure  1. 


Digitized  by 


Google 


6  Bulletin  55. 

A  typical  stream  is  shown  in  Fig.  1.  This  represents  the  flow  of  the 
Cache  a  la  Poudre,  on  which  a  longer  series  of  records  are  available 
than  on  any  other  of  the  Western  streams.  The  diagram  is  from  nearly 
twenty  years^  record  of  automatic  instruments. 

The  stream  is  low  in  fall  and  winter,  when  the  supply  is  largely 
from  springs.  It  rises  in  April  with  the  rains  or  melting  snows, 
and  more  rapidly  as  the  sun  and  increasing  temperature  acts  on  the 
snow  fields. 

The  rate  of  rise  depends  on  the  area  which  is  covered  with  snow ; 
on  the  temperature  of  night  and  day ;  on  the  dryness  of  the  air,  as  affect- 
ing evaporation ;  the  area  of  the  forest !  and  the  character  of  the  snow, 
whether  it  be  new  and  soft  or  old  and  hard. 

DAILY    BPPEOT    OP    THE    SUN    ON    THE    MELTING. 

• 

A  daily  rise  and  fall  takes  place  and  is  more  marked  as  the  river 
rises.  This  is  shown  by  the  various  diagrams.  Fig.  2  is  a  fac-simile 
of  the  diagram  taken  from  the  instrument  during  the  week  from  June 


Figure  2. 


6-13,  1899.  The  days  are  shown  at  the  bottom  of  the  diagram,  the 
gage  depths  at  the  left.  "N"  indicates  the  noon  hour,  "M"  midnight. 
The  crests  of  the  rises  are  seen  to  be  twenty-four  hours  apart.  The 
high  water  occurs  from  4  to  6  a.  m.  at  the  point  where  our  instrument 
is  placed,  and  the  low  water  about  8  p.  m.  This  hour  depends  on  the  dis- 
tance to  the  snow  fields.  An  examination  shows  that  the  extreme  fluctua- 
tion on  June  20-21  was  nearly  a  foot,  less  on  the  other  days. 

When  we  consider  the  quantity  of  water,  instead  of  the  depths, 
this  fluctuation  appears  of  more  importance.  Fig.  4  represents  the 
quantity  of  water  for  the  same  week  as  shown  in  Fig.  2.  The  scale 
at  the  left  gives  the  quantities  in  cubic  feet  per  second.  While  on  the 
evening  of  June  20  there  was  less  than  3,000  cubic  feet  per  second, 
before  morning  it  had  become  4,700  cubic  feet,  falling  back  to  about 
3,300  cubic  feet  during  the  day,  and  rising  again  to  3,900  feet  during 
the  night.    This  diagram  is  typical  of  the  fluctuation  in  i^su^j  weather  > 
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during  high  water.  The  change  is  clearly  connected  with  the  diurnal 
effect  of  the  sun.  It  is  seen  in  the  other  diagrams,  but  almost  disappears 
in  cloudy  weather. 


Figure  3. 

While  the  temperature  has  a  marked  influence  in  determining  the 
general  stage  of  the  river,  the  direct  action  of  the  sun  as  shown  by  the 
diagrams  is  still  more  marked,  as  it  causes  these  fluctuations.    Anything 
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which  serves  as  a  protection  from  the  sun,  whether  forests,  ridges,  boul- 
ders or  clouds,  lessens  the  melting  and  tends  to  decrease  these  tides. 
This  explains  the  paradoxical  fact  that  a  general  rain  in  the  mountains 
often  lessens  the  amount  of  water  in  the  river. 

This  effect  is  illustrated  by  Fig.  5,  which  shows  the  record  of  a 
rainy  week  in  1898.    On  June  1  the  diurnal  fluctuation  i^§^sUshtf>  on 
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Figure  5. 

June  2  it  was  more  marked,  and  still  more  so  on  June  3.  For  the  rest 
of  the  week  it  was  scarcely  noticeable.  The  days  of  June  1  and  2  were 
sunny,  the  two  following  days  were  rainy,  and  the  rest  of  the  week 
cloudy.  On  the  night  of  June  3-4,  1.12  inches  of  rain  fell  at  the  Sta- 
tion, an  unusually  heavy  rainfall,  yet  the  river  was  lower  after  this  rain 
than  before.  The  clouds  protected  the  snow  from  the  sun,  and  this  was 
of  more  effect  than  the  exceptional  rain. 

Another  record  illustrating  the  effect  of  a  general  cloudiness,  is  for 
the  last  week  in  May,  1897,  shown  in  Fig.  6.    The  flow  for  this  week  was 


Figure  6. 

normal,  except  on  the  28th,  when  the  river  lacked  the  fluctuation  evident 
on  the  other  days.  This  was  due  to  the  character  of  June  27.  It  was  cloudy 
and  rainy  all  day  at  Fort  Collins,  and  also  over  the  whole  watershed. 
The  precipitation  at  the  Station  amounted  to  .28  in.  There  were  hard 
showers  near  the  river,  as  shown  by  the  slight  rise  on  the  afternoon 
of  the  27th.  At  Westlake,  at  an  elevation  of  about  8,500  feet  and  about 
the  middle  of  the  watershed,  the  precipitation  was  .80  in.  Notwith- 
standing this  heavy  rainfall  the  river  shows  a  steady  decrease.  The  dot- 
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ted  line  shows  the  probable  course  of  the  fluctuation,  as  judged  from  the 
records  of  co-operating  observers,  had  there  been  no  storm  and  the 
weather  remained  clear. 

The  different  effect  of  a  local  shower  on  the  river  is  sho\ni  in  Pig.  7. 
Two  local  storms  are  in  evidence  on  this  record;  one  on  the  afternoon 
of  May  18,  and  the  other  beginning  to  show  on  the  afternoon  of  May 
20,  with  a  marked  rise  during  the  night. 

The  storm  of  May  18  was  a  sudden  violent  shower  over  a  small  area. 
As  it  was  near  the  river,  the  effect  was  very  marked.  The  rain-gauge 
at  the  Station  recorded  only  .03  in.  A  shower  of  .20  in.  on  May  19  does 
not  show;  but  there  was  a  storm  on  the  night  of  the  19th  and  extend- 
ing throughout  much  of  the  forenoon  of  the  20th,  amounting  to  1.28 
inches.  This  was  heavy  in  the  mountains  also,  especially  at  the  lower 
elevations.  The  effect  is  seen  in  that  the  river  continued  to  rise  on  the 
morning  of  the  20th,  instead  of  falling.  The  sudden  rise  about  midnight 
was  due  to  the  access  of  the  flood  from  one  of  the  important  tributaries. 


Figure  7. 


The  dotted  line  shows  the  probable  fluctuation  of  the  stream  if  there 
had  been  no  storms.  Neither  of  the  storms  extended  to  the  higher  ele- 
vations and  did  not  cause  general  cloudiness,  and  the  general  course 
of  the  river  was  but  little  affected. 

As  snow  is  most  evident  on  the  high  peaks,  undue  importance  is 
attached  to  high  elevations.  The  run-off  from  the  forest  fringes  below 
timber  line  is  of  far  more  importance.  The  precipitation  at  the  high 
elevations  is  not  much,  if  any,  more  than  at  lower  elevations.  The  rain- 
fall on  Pike's  Peak,  standing  as  it  does  on  the  edge  of  the  Plains,  can- 
not be  considered  representative  of  the  other  high  elevations,  and  is 
undoubtedly  much  greater  than  that  on  other  peaks  equally  as  high. 
Even  if  a  great  amount  of  precipitation  falls  on  the  top,  it  is  confined 
to  a  small  area  of  relativey  little  importance.  Thus,  for  instance,  I  have 
had  occasion  to  examine  the  watershed  tributary  to  the  Rio  Grande. 
While  this  has  an  area  of  4,611  square  miles  above  8,000  feet  eleva- 
tion, there  is  less  than  200  square  miles  of  it  above  12,000  feet,  although 
this  watershed  has  a  large  number  of  the  highest  ji^gg^^^i^^ estate. 
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In  this  case,  over  90  per  cent  of  the  watershed  is  below  timber  line  and 
above  8,000  feet. 

That  the  forests  in  the  mountains  increase  the  amount  of  precipita- 
tion does  not  seem  probable,  whatever  their  effect  when  on  the  plains  or 
lands  of  low  elevation  may  be.  The  precipitation  in  the  mountains  is 
mostly  due  to  the  cooling  from  expansion,  caused  by  the  air  being  forced 
upward  by  the  mountains.  The  effect  of  the  forests  would  be  so  small 
compared  with  the  mountains  that  it  does  not  seem  poBsible  that  they 
would  increase  the  amount  of  rainfall.  It,  however,  is  not  impofislMe 
that  in  the  maintenance  of  moist  conditions,  influence  on  the  currents 
of  air,  and  the  protection  of  slopes  from  the  burning  rays  of  the  sun, 
there  may  be  an  effect  even  on  the  amount  and  distribution  of  the 
rainfall.  Nevertheless,  they  influence  the  river  floods,  and  protect  the 
snows  from  melting  and  the  action  of  the  winds.  As  a  protection  from 
floods,  they  form  a  feature  which  the  agricultural  interests  of  the  State 
should  jealously  protect. 
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CONCLUSIONS. 


1.  The  mountain  streams  in  the  early  irrigation  season  are  largely 
supplied  by  melting  snow. 

2.  There  is  a  marked  diurnal  fluctuation,  greater  with  high  water 
than  with  low,  due  to  the  daily  variation  in  the  rate  of  melting. 

3.  The  stream  at  high  water  may  be  one-half  greater  than  at  low 
water  on  the  same  day. 

4.  Cloudy  weather  in  the  mountains,  protecting  the  snow  from 
the  radiation  of  the  sun,  causes  the  fluctuation  to  disappear  and  the 
flow  to  decrease. 

5.  This  decrease  is  so  great  that  the  cloudiness  associated  with 
continued  rain  usually  more  than  counterbalances  the  gain  from  the 
rain. 

6.  The  loss  of  snow  by  evaporation  is  considerable,  especially 
when  exposed  to  winds. 

7.  Snow  remains  in  the  timber  and  in  protected  spots  niiicli 
longer  than  where  exposed. 

8.  This  is  due  not  so  much  to  drifting  as  to  shelter  from  the  radia- 
tion afforded  by  the  forest  cover. 

9.  Hence,  the  greater  amount  of  forest  cover  the  less  violent  1i^ 
daily  fluctuation,  the  more  uniform  the  flow  throughout  the  day  jind 
throughout  the  season,  and  the  later  the  stream  maintains  il?  flow. 

10.  The  loss  of  the  forest  cover  means  more  violent  tlin-1  nation 
during  the  day,  greater  difficulty  in  regulating  the  hcadpili>  and  keep- 
ing a  uniform  flow  in  ditches  and  hence  an  additional  ditficnlty  in  the 
economic  distribution  of  water.  Also  the  water  runs  off  sooner,  hence 
the  streams  drop  earlier  in  the  summer  and  on  account  of  the  lessen- 
ing of  the  springs,  the  smaller  is  the  water  flow. 

11.  The  preservation  of  the  forest  is  an  absolute  necessity  for 
the  interest  of  irrigated  agriculture. 
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PLATES. 


PLATE  1. — 11:30  a.  m.,  June  21, 1899.  Elevation  about  9,600  feet.  Look- 
ing southwest  into  dead  timber.    Medicine  Bow  Range  In  the  distance. 

PLATE  2. — 11:40  a.  m.,  June  21,  1899.  Looking  northeast  Into  open 
white  pine  timber.  Ground  sloping  gently  to  the  northwest.  Snow  drifts 
from  three  to  five  feet  deep. 

PLATE  3. — 3  p.  m.,  June  21,  1899.  Looking  east.  Plates  9,  10,  11  and 
12  were  taken  near  here.    Mr.  Zimmerman  is  shown  on  the  drift 

PLATE  4d — 11:00  a.  m.,  June  21,  1899.  Looking  northwest,  showing  Mr. 
Zimmerman  behind  drift.  Slopes  to  the  northwest.  Drifts  hard.  Elevation 
about  9,600  feet.  Open  white  pine  timber.  Nos.  5  and  6  taken  from  this 
point. 

PLATE  5. — 11:00  a.  m.,  June  21,  1899.  Looking  north  from  same  point 
as  No.  4. 

PLATE  6. — 11:20  a.  m.,  June  21,  1899.  Looking  southwest  into  dead  tim- 
ber. 

PLATE  7. — 10:30  a.  m.,  June  21,  1899.  Snow  in  the  open  white  pine  tim- 
ber. Slopes  to  the  north.  Nearest  drift,  60  feet  long,  48  feet  deep,  15  feet 
wide.    Snow  granulated.    Elevation  about  9,600  feet.    Looking  southwest 

PLATE  8.-4:05  p.  m.,  June  19,  1899.  Near  No.  13.  Snowdrift  In  the 
distant  green  timber. 

PLATE  9. — 12  m.,  June  21,  1899.  Looking  southwest.  Bare  slope.  Ele- 
vation about  9,600  feet 

PLATE  10. — 1:30  p.  m.,  June  21,  1899.  Drift  10  feet  deep  in  green  tim- 
ber. Usually  no  snow  here  after  June  1st  About  200  yarers  in  timber  from 
points  where  Plates  1  and  2  were  taken. 

PLATE  11. — 2:45  p.  m.,  June  21,  1899.  Snow  drift  in  green  timber. 
From  same  point  as  Plate  12.  Looking  east.  Ground  slopes  to  east  Drifts 
about  12  feet  deep,  solid.  Same  drifts  as  in  plates.  Elevation  about  9,000 
feet.    Four  miles  back  of  Zimmerman's. 

PLATE  12. — 2:40  p.  m.,  June  21,  1899.  From  the  same  place  as  Plate  11. 
Looking  southwest  through  dead  timber.     Mount  Cameron  in  the  distance. 

PLATE  13. — 8:50  a.  m.,  June  24,  1899.  Looking  north.  Elevation  about 
10,000  feet    Headwaters  of  the  Laramie  River.    Ground  slopes  to  the  south. 

PLATE  14.-9:45  a.  m.,  June  24,  1899.  Looking  southwest  Near  No. 
13.    Spruce  and  balsam. 

PLATES  15,  16,  17  and  18.— June  24,  1899.  From  same  point  Eleva- 
tion about  9,800  feet.  These  views  overlap,  and  may  unite  into  one  view. 
No.  15,  9:45  a.  m.  In  dead  timber,  looking  west  On  south  slope.  No.  16, 
10  a.  m.  Looking  northwest  into  green  timber.  No.  17,  10:15  a.  m.  Look- 
ing north  at  south  slope,  showing  snow  in  green  timber.  No.  18.  10:15 
a.  m.  Looking  northeast  Snow  in  green  timber,  bare  ground  in  dead  tim- 
ber.    Showing  edge  of  snow  between  dead  and  green  timber. 
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PLATE  13.     Snow  in  sheltered  spots. 
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PLATE  14.    Snow  in  sheltered  ravine. 
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FURTHER  NOTES 


THE  BIRDS  OF  COLORADO. 


BY  W.  W.  COOKE. 

Since  the  publication  in  March,  1898,  of  the  notes  on  Colo- 
rado birds  that  had  been  gathered  the  previous  year,  many 
additional  notes  have  been  secured.  The  largest  number  from 
any  one  source  have  come  from  a  thorough  study  of  the  fine 
collection  of  Mr.  Edwin  Carter  ac  Breckenridge.  This  collection 
represents  the  work  of  Mr.  Carter  for  more  than  thirty  years. 
Much  of  the  material  was  gathered  in  the  immediate  vicinity  of 
Breckenridge,  and  the  rest  in  Middle  Park  and  South  Park. 
Breckenridge  is  at  an  altitude  of  9,500  feet,  while  Middle  and 
South  Parks  are  from  7,500  to  8,500,  so  that  Mr.  Carter's  collec- 
tion is  especially  valuable  as  showing  the  bird  life  of  the 
mountains  and  mountain  parks.  Breckenridge  is  on  the  western 
slope  of  the  main  range,  and  this  collection  furnishes  several  new 
records  for  the  Pacific  side  of  the  mountains  as  well  as  a  higher 
range  than  before  known  for  more  than  thirty  species.  The 
Carter  collection  contains  184  species  of  birds,  of  which  127  are 
known  to  breed  in  Middle  and  South  Parks.  Mr.  Carter  has  also 
taken  16  species  that  are  not  now  in  the  collection.  The  collection 
adds  two  new  birds  to  the  state,  Ammodramus  leconteii  and  Faico 
9paTV€riiL8  deserticolus,  and  one  new  breeding  record,  WUsonia 
jnmtla  pUeolata. 

Much  space  is  given  to  notes  from  this  collection,  because 
the  recent  death  of  Mr.  Carter  makes  the  collection  complete  so 
far  as  his  work  is  concerned.  No  catalogue  or  summary  of  this 
collection  has  ever  been  published.  The  present  writer  made 
three  visits  to  Breckenridge,  and  has  studied  every  bird  in  the 
collection  at  least  twice.  The  last  visit  was  but  a  few  days  before 
Mr.  Carter  left  home  on  that  last  trip  from  which  he  was  not  to 
return  alive.  On  this  visit  a  complete  investigation  was  made  of 
all  Mr.  Carter's  records  of  birds  he  had  taken  that  are  not  now  in 
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the  collection.  This  bulletin  therefore  presents  the  full  work  of 
Mr.  Carter  with  reference  to  Colorado  ornithology.  Many  of  the 
notes  from  his  collection  add  nothing  new  to  our  knowledge  of 
the  birds  of  the  state,  but  are  entered  in  order  to  make  a  com- 
plete catalogue  of  the  species  represented  in  the  collection. 

Most  of  the  rest  of  the  new  notes  come  from  the  further  in- 
vestigations of  Mr.  C.  E.  Aiken,  who  has  spent  a  great  deal  of 
time  the  past  two  years  in  collecting  and  studying  the  birds  of 
the  "  Divide"  and  the  plains  east  of  Colorado  Springs.  From  his 
own  collecting  he  has  added  five  birds  to  the  Colorado  list,  and  of 
two  more  he  has  obtained  the  records  from  other  persons.  One 
of  the  excursions  of  Mr.  Aiken  deserves  special  mention  as  show- 
ing the  possibilities  of  Colorado  ornithology.  The  days  from 
May  19-27,  1899,  he  spent  in  the  vicinity  of  Limon,  about  a 
hundred  miles  out  on  the  plains  east  of  Colorado  Springs.  A 
poor  place  for  birds  one  would  think,  and  yet  while  there  he  en- 
countered what  seemed  to  be  a  flight  of  eastern  birds  that  had 
wandered  from  their  usual  course  and  strayed  several  hundred 
miles  to  the  westward,  and  mingled  with  them  some  distinctively 
western  species  scarcely  to  be  expected  east  of  the  mountains. 
The  Red-bellied  Woodpecker,  Tennessee  Warbler,  Least  Fly- 
catcher, Red-bellied  Nuthatch,  Bobolink  and  Scarlet  Tanager 
were  rare  visitants  from  the  east  found  there,  and  in  addition  he 
took  the  Connecticut  Warbler  and  the  Canadian  Warbler,  both 
being  the  first  records  for  Colorado. 

In  contradistinction  to  this  highly  successful  trip,  may  be 
noted  one  taken  by  the  present  writer,  which  also  shows  the 
peculiar  distribution  of  bird  life  in  Colorado.  About  the  middle 
of  May  he  went  from  Fort  Collins  to  Grand  Junction.  The  latter 
place  is  about  a  hundred  and  fifty  miles  fuither  south  and  five 
hundred  feet  lower  than  Fort  Collins.  Vegetation  was  at  least 
two  weeks  in  advance  of  the  more  northern  location,  but  bird 
migration  was  apparently  in  just  the  same  stage ;  being  another 
instance  of  what  is  probably  a  general  rule,  that  migration  on  a 
western  slope  is  later  than  on  an  eastern.  More  surprising  than 
this,  however,  was  the  character  of  the  birds  seen.  Grand 
Junction  is  three  hundred  miles  west  of  Fort  Collins,  on  the 
Pacific  slope  and  on  the  Grand  river,  that  one  would  expect  to 
find  a  natural  highway  for  birds  from  the  west  and  south.  The 
country  was  quite  carefully  explored  for  twenty  miles  along  the 
Grand  and  Gunnison  rivers,  and  in  all  somewhat  over  forty 
different  species  of  birds  were  identified.  They  were  all  common 
birds  of  the  eastern  slope,  occurring  at  Fort  Collins,  except  the 
Raven  and  the  California  Quail.     The  former  occurs  over  all  of 
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western  Colorado,  while  the  latter  has  been  introduced  and  has  • 
become  exceedingly  abundant.  Out  among  the  greasewoods, 
where  greasewood  is  about  the  only  vegetation  that  can  grow, 
these  Quail  vie  with  the  lizards  as  to  which  shall  be  the  most 
common  animal  life  present.  •  In  the  whole  trip  not  a  dis- 
tinctively southern  or  western  species  was  observed,  nor  is  there 
one  in  the  list  of  sixty-one  species  of  birds  seen  there  by  Miss 
Myra  Eggleston  during  several  years  residence.  The  valley  of 
the  San  Juan  river  serves  as  a  great  highway  for  southwestern 
forms  into  southwestern  Colorado,  and  many  extend  along 
the  Rio  Grande  into  south  central  Colorado  on  the  Atlantic  slope, 
but  apparently  there  is  some  conformation  of  land  or  condition 
of  climate  that  keeps  these  forms  away  from  west  central  Colo- 
rado. 

The  present  bulletin  is  paged  in  continuation  of  bulletins 
Nos.  37  and  44,  and  references  are  to  the  pages  of  these  bulletins. 
On  page  3  the  total  number  of  species  and  varieties  known  to 
occur  in  Colorado  should  be  changed  to  387, *of  which  243  are 
known  to  breed.  Thus  in  the  three  years  since  the  Colorado  list 
was  published,  27  additions  have  been  made  and  15  more  species 
ascertained  to  breed  in  the  state.  There  is  good  reason  to  believe 
that  the  list,  even  now,  is  far  from  complete.  A  single  fact  will 
show  how  great  are  the  future  probabilities.  In  a  small  collec- 
tion of  beautifully  mounted  birds  at  Cheyenne,  Wyoming,  pre- 
pared by  Mr.  Frank  Bond,  are  six  species  of  birds  taken  by  him 
at  Cheyenne,  less  than  ten  miles  from  the  Colorado  line,  that  have 
not  yet  been  found  in  this  state.  These  species  are  Sterna  hirundo^ 
Pdecanus  fuscus,  OrymophUus  fulicariuSy  jEgialitiB  mdoda  drcum" 
cincta,  Anthus  spraffueii  and  Cistothorus  sUUaris,  and  there  is  every 
reason  to  believe  that  each  of  these  will  eventually  be  added  to 
the  Colorado  list. 
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Changes  to  be  made,  including  those  already  made  on  page 
128  and  pages  148-150. 

Page  8.     I.  Residents:     Add 

Callipepla  squamata. 

T^mpauuchus  americanus. 

Pbasianus  tcirquatus. 

Falco  sparverius  deserticolus. 

Syrnium  nebulosum. 

Coccothraustes  vespertinus  montanus. 

Page  9.     2.  Winter  visitants.     Omit 

Coccothraustes  vespertinus  montanus. 


Page  10.    4«  Species  that  have  been  taken  in  Colorado  in 
winter^  either  as  rar€  or  accidental  visitors.     Add 

Gavia  arctica. 

Larus  Philadelphia. 

Somateria  dressed. 

Nyctala  tengmalmi  ricbardsoni. 

Acanthis  linaria  rostrata. 

Junco  montanus. 

Page  11.     B,  Species  that  breed  o?i  the  plains^  but  only  to  the  foot- 
hills of  the  mountains.     Add 

Philohela  minor. 
Callipepla  squamata. 
Tympanuohus  americanus. 
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Phasianus  torquatus. 
Syrnium  nebulosum. 
Phalsenoptilus  nuttallii  nitidus. 
Zamelodia  ludoviciana. 
Seiurus  aurocapillus. 
Harporhynchus  bendirei. 

Page  12.     C,  Species  thai  breed  in  the  mountains  or  mountain  parks 
and  not  on  the  plains.    Add 

Falco  sparverius  deserticolus. 
Coccothraustes  vespeninus  montanus. 
Wilsonia  pusilla  pileolata. 

D.  Species  that  breed  principally  in  the  mountains.    Add 
Empidonax  hammondi. 


Page  13.    E.  Species  that  breed  regularly  only  in  Southern  Colorado. 
Add 

Plegadis  guarauna. 
Callipepla  squamata. 


Page  13.    6.  Species  taken  in  the  State  during  the  summer, 
but  not  known  to  breed.     Add 

Gavia  imber. 
Aythya  americana. 
Charitonetta  albeola. 
Ardetta  exilis. 
Tetanus  flavipes. 
Stellula  calliope. 

Astragalinus  psaltria  mexicanus. 
Melospiza  georgiana. 

Omit 

Plegadis  guarauna. 
Callipepla  squamata. 
Philohela  minor. 
Phalsenoptilus  nuttallii  nitidus. 
Seiurus  aurocapillus. 
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Page  13.     7.  Migrants.     Add 

Gavia  adamsii. 
Branta  canadensis  minima. 
Porzana  jamaicensis. 
Astragalinus  tristis  pallidas. 
Piranga  erytbromelas. 
Dendroica  palmarum. 

Omit 

Harporhynchus  bendirei. 

Page  14.    8.  Stragglers.     Add 

Gavia  adamsii. 
Gavia  arctica. 
Somateria  dresseri. 
Branta  canadensis  minima. 
Plegadis  autumnalis. 
Ardea  egretta. 
Porzana  jamaicensis. 
Nyctala  tengmalmi  richardsoni. 
Bubo  virginianus  arcticus. 
Coccyzus  americanus. 
Dryobates  pubescens. 
Stellula  calliope. 
Acantbis  linaria  rostrata. 
Astragalinus  psaltria  mexicanus. 
Ammodramus  leconteii. 
Melospiza  georgiana. 
Piranga  erytbromelas. 
Dendroica  palmarum. 
Geothlypis  agilis. 
Geotblypis  trichas. 
Wilsonia  canadensis. 

Omit 

Sylvania  pusilla  pileolata. 
Harporbynchus  bendirei. 

Page  15.    lo.  Rare  or  irregular  visitants,  from  the  east  |or 
southeast.     Add 

Branta  canadensis  minima.  • 
Plegadis  autumnalis. 
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Ardea  egretta. 
Tympanuchus  americanus. 
Syrnium  nebulosum. 
Ammodramus  leconteii. 
Melospiza  georgiana. 
Zamelodia  ludoviciana. 
Piranga  erylhromelas. 
Dendroica  palmffrum. 
Geothlypis  agilis. 
Geothlypis  trichas. 
Wilsonia  canadensis. 


Page  16.     12.  Rare  or  irregular  visitants,  from  the  west  or 
southwest.     Add 


Stellula  calliope. 

Astragalinus  psaltria  mexicanus. 

Add  the  star  (*)  to  denote  breeding,  to 
Plegadis  guarauna. 


Page  16  SUMMARY. 

Total  species  in  Colorado 387 

1.  Residents 93 

2.  Regular  winter  visitants  from  the  north 23 

3.  Regular  breeders  that  sometimes  occur  in  winter-  17 

4.  Rare  or  accidental  winter  visitants 28 

5.  Summer  residents : 243 

A.  Breeding  on  plains  and  in  mountains 101 

B.  Breeding  on  plains,  but  not  in  mountains..  43 
0.   Breeding  in  mountains,  but  not  on  plains..  56 

D.  Breeding  principally  in  mountains,  sparingly 

on  plains 21 

E.  Breeding  regularly  only  in  southern  Colorado  22 

6.  Summer  visitants,  not  known  to  breed 18 

7.  Migrants    . 63 

8.  Stragglers 67 

9.  Regular  visitants  from  east  and  southeast —  -  14 

10.  Rare  visitants  from  east  and  southeast 46 

11.  Regular  visitants  from  west  and  southwest 20 

12.  Rare  visitants  from  west  and  southwest 14 
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Page   21.      Add.      Aiken,   C.   E.      Otocoris   alpestris  arenicola. 
Colorado  Springs  Gazette  (local  newspaper),  Feb.  8,  1899. 
Habits  of  this  bird  during  cold  weather. 

Page  22.    Add.     Anthony,  A.  W.     A  new  subspecies  of  the 

Genus  Dryobatee.     Auk,  XI I L  1896,  p.  S2. 

Describes  the  Bubspecies  Dryohates  villofms  montanus.  Rocky  Moun- 
tain Woodpecker  with  the  type  from  Boulder,  Colorado.  In  Auk^  XV,  1898, 
p.  54,  Anthony  changes  montanua  to  monticoUit  and  as  such  this  subspecies 
has  been  recognized  by  the  A.  O.  U. 

Page  22.  Add.  Baird,  S.  F.  Smithsonian  Miscellaneous  Col- 
lections, 181,  Review  of  American  Birds  in  the  Museum  of 
the  Smithsonian  Institution.  Pait  I.  North  and  Middle 
America.  Washington  Smithsonian  Institution,  1864-66, 
pp.  IV.,  450. 
Contains  incidental  records  of  a  few  species  of  birds  taken  in  Colorado. 

Bangs*  Outram.    A  Review  of  the  Three-toed  Woodpeckers  of 

North  America.     Auk,  XVIL  1900,  p.  1£6. 

Description  of  Picoides  americanus  donaliSf  with  notes  on  nine  speci- 
mens taken  in  Colorado. 

Page  26.    Add.    Brewster,  Wm.     Lewis's  Woodpecker  Storing 

Acorns.     Auk,  XV.  1898,  p.  188. 

Habits  of  the  birds  as  noted  near  Denver,  Colorado,  and  reported  to  him 
by  Manly  Hardy. 

Page  26.     Add.     Ohristie,  N.  R.     The  Pinon  Jay.     Osprey,  III. 
1898,  p.  57. 
Short  account  of  its  breeding  habits  near  Rouse  Junction,  Colorado. 

Page  27.  Add.  Cooke,  W.  W.  The  State  Agricultural  Col- 
lege, The  Agricultural  Experiment  Station,  Bulletin  No.  44, 
Technical  Series  No.  4,  Further  Notes  on  the  Birds  of  Colo- 
rado, An  Appendix  to  Bulletin  No.  37,  on  the  Birds  of  Colo- 
rado. By  W.  W.  Cooke.  Approved  by  the  Station  Council. 
Alston   Ellis,  President.      Fort   Collins,  Colorado,   March, 
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1898.    The  Smith-Brooks  Printing  Company,  Denver,  jpp. 

U5'176.     [Date  of  distribution,  March,  1898.] 

Adds  eleven  new  species  to  the  state  list;  references  to  15  books  and 
articles;  additional  notes  on  96  species. 

CooKE,  W.  W.    The  Scarlet  Ibis— A  Ck)rrection.    Avk,  XV.  1898, 
p.  18S. 
Statement  that  the  specimens  of  Scarlet  Ibis  reported  in  the  Avk^  XIV. 

1897,  p.  316,  proved  to  be  the  White  faced  Glossy  Ibis. 

CooKE,  W.  W.     A  New  Bird  for  Colorado.     Oi^ey,  III  1898, 

p.  13. 

A  Le  Conte's  Sparrow  taken  by  E.  Carter  at  Breckenridge,  October  2, 
1886.  It  is  stated  that  this  is  the  first  mountain  record,  but  this  is  an  error, 
as  Merrill,  Auk,  XV y  1898,  p,  16,  had  just  previously  recorded  it  from  Idaho, 
west  of  the  mountains,  but  at  a  much  lower  altitude.  Breckenridge  is  9,500 
feet  alcitude.  The  article  also  contains  records  at  Breckenridge  of  the  Slate- 
colored  Sparrow,  Mockingbird  and  Bobolink. 

CooKE,  W.  W.     More  New  Birds  for  Colorado.     Auk,  XVL  1899, 

p.  187, 

Adds  three  new  species  to  the  state  list,  Branta  canadensis  minimoy 
Astragalintis  psaltria  mexicanus  and  Junco  tnontanus. 

Page  29.     Add.     Diixe,  F.  M.     Nesting  of  the  Pine  Siskin  at 
Denver,  Colo.     The  Condor,  IL  1900,  p.  73. 
Several  nests  in  the  spring  of  1899  within  the  city  limits  of  Denver. 

Page  31.  Add.  Fremont,  John  C.  Report  of  the  Exploring 
Expedition  to  the  Rocky  Mountains  in  the  year  1842,  and 
to  Oregon  and  north  California  in  the  yeara  1843-4.  By 
Brev.  Capt.  J.  C.  Fremont  of  the  topographical  engineers, 
'  under  the  orders  of  Col.  J.  J.  Abert,  chief  of  the  topograph- 
ical bureau.  Printed  by  order  of  the  House  of  Representa- 
tives, Washington;  Blair  &  Rives,  printers.     1845, p.  586, 

Capt.  Fremont  crossed  the  State  by  way  of  the  Grand  river  and  the 
South  Platte.  His  narrative  contains  only  a  few  unimportant  references  to 
Colorado  birds. 

Page  31.    Add.     Gilmork,  L.  D.      Western  Goshawk  in  Colo- 
rado.    O&prey,  III.  1898,  p.  M. 
One  shot  at  Sweetwater  Lake,  Garfield  county,  Colorado,  February  12, 

1898,  by  J.  T.  Meirer,  and  identified  by  the  Smithsonian  as  striatulus.    Two 
others  seen  later. 

GiLMORB,  L.  B.    Some  Notes  on  Colorado  Birds.    BaL.  Mich.  Om. 

aub.  II.  April,  1898,  p.  19. 

Notes  on  seventeen  species  of  birds  seen  in  the  vicinity  of  Dotsero, 
Colorado. 

GiLMORB,  L.  B.     Notes  on  the  Western  Yellow-throat  and  Amer- 
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ican  Raven  in  Colorado.  Bvi.  Mich.  Om.  Clvb,  III.  January, 

1899,  p,  8. 

Notes  on  these  two  epecies  seen  near  Dotsero. 

Page  32.      Add.      Howe,  R.   H.,  Jr.     Ranges  ot  HylociMa 
JvsceacenSj  and  HylociMa  fuseescens  salidcola  in  North  Amer- 
ica.    Auk,  XVIL  1900,  p.  22. 
Measurements  of  two  specimens  of  salicicola  taken  in  Colorado. 

Page  32.    Add.     Ingbrsoll,  Earnest.     Knocking  Round  ihe 
Rockies.     Harper  Bros.,  N.  Y.,  1883. 
Contains  descriptive  notes  on  several  Colorado  birds. 

Page  33.     Add.     "J."  [Capt.  P.  M.  Thorne.]     Snipe  Wintering 

in  Colorado.     Forest  and  Stream.    February  15,  1882. 

Two  Wilson's  Snipe  (Oallinago  delicata)  found  Februarv  3, 1882,  at  Fort 
Lyon,  Colorado.    The  gizzard  of  the  one  shot  contained  partly  digested  fish. 

Page  33.     Add.    Johnson,  H.  C.     In  the  Breeding  Home  of 
Clarke's  Nutcracker  {Nudfraga  columbianua).     The  Condor,  11. 

1900,  p,  4.9. 

Mentions  all  the  nests  of  this  bird  taken  in  Colorado  previous  to  1900. 

Jones,   Lynds.      The   Songs  of    the   Warblers.      (MnioiiUidse). 

Laboratory  Bulletin  No.  10.     Oberlin  College.     Also  issued 

as  Wilson  Bulletin  No.  30.     Oberlin,  Ohio,  March  20,  1900, 

p.  57. 

Notes  on  all  the  Warblers  known  to  occur  in  the  United  States,  with 
specific  references  to  several  of  them  as  occurring  in  Colorado. 

Jones,  P.  L.     Flammulated  Owls.     O^ey,  III.  1898,  p.  ^6. 

Records  of  three  more  captures  near  Beulah,  Colorado,  and  one  set  of 
eggs. 

Page  33.     Add.     Keyser,  Leander  S.     Rocky  Mountain  Birds. 
Popular  Science,  XXXIV.  1900,  p.  S. 
Short  account  of  several  common  birds  seen  near  Manitou. 

Keyser,  Leander  S.     Rocky  Mountain  Birds.     N.  Y.  Evening 
Post  (newspaper),  September  2,  1899. 
Observations  on  the  birds  near  Colorado  Springs  and  Manitou. 

Page  35.     Add.     Nash,  li.  W.     Our  Winter  Birds.     The  CadM». 
(Local  magazine,  Pueblo,  Colorado.)  //,  No.  1, 1892. 
Notes  on  the  winter  birds  of  Pueblo. 

Page  35.   Add.    Nelson,  E.  W.     Description  of  a  new  Subspecies 
of  Meleagria  gaUopavo  and  proposed  changes  in  the  nomen- 
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clature  of  certain  North  American  Birds.   Auk,  XV I L  1900, 

p.  mo. 

Describes  a  new  sub-species,  Meleagris  gallopavo  merriami,  and  assigns 
to  it  the  wild  turkeys  of  southwestern  Coloraao. 

Page  35.     Add.     Oberholser,  Harry  C.     Description  of  a  new 

North  American  Thrush.     Auk,  XV.  1898,  p.  SOS, 

Describes  H.  u,  almcB,  subsp.  nov.  and  gives  Colorado  as  included  in  its 
habitat    This  subspecies  has  been  rejected  by  the  A.  O.  U. 

Oberholzbr,  Harry  C.     A  Revision  of  the  Wrens  of  the  Genus 

Thryomanes  Sclater.     Proc,  U,  S,  Nat.  Mua.,  XXL  No.  115S, 

1898,;).  4^7. 

Gives  a  new  name,  Thryomanes  hevnckii  eremophUus,  to  the  form  that 
occurs  in  Colorado.  Up  to  January,  1900,  this  had  not  been  passed  upon  by 
the  A.  O.  U. 

Page  36.     Ridgway,  Robert.     New  Species,  etc.,  of  American 

Birds,  II.     Fringillidse  (continued).     AvJc,  XV,  1898,  p.  S19, 

Describes  a  new  subspecies,  Calcarius  lapponicua  aloBcerms^  Alaskan 
Longspur,  and  includes  Colorado  in  its  habitat. 
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Page  41.     Add. 

1864  6.  Baird.  Review  of  American  Birds.  Adds  Lanius 
ludovicianus  excubitorides  taken  in  Colorado  by  D.  Thompson. 

Page  42. 

Under  1872.  Allen.  Omit  Lanius  ludovieianiLS  excubitorides, 
as  it  had  already  been  recorded  by  Baird  in  his  Review  of  Amer- 
ican Birds. 


IS.      Ammodramus 


Page  48.     Add. 

1898.  Cooke.      Osjyrey,  III.  1898,  ^ 
leconteii  taken  by  Carter  at  Breckenridge. 

1899.  Cooke.  Auky  XVL  1899,  p.  187.  Astragalinus 
psaUria  mexicanus  and  Branta  canadensis  minima  taken  at  Denver ; 
Junco  Tnontanus  taken  at  Pueblo. 

1900.  Cooke.  Colorado  Eosperimeni  Station  Bulletin  No.  56. 
The  present  publication  contains  the  first  records  for  Colorado  of 
nine  species  as  follows :  Gavia  arctica,  Ardetta  egretta,  Symium 
nebulosum,  Astragalinus  tristis  paUidus,  Geothlypis  agUis,  Geothlypis 
trichas  and  WUsonia  canadensis  by  Aiken ;  Plegadis  autumnalis  by 
A.  T.  Allen ;  Falco  sparverius  deserticolus  by  Carter. 


Page  48.     RECAPITULATION.     Add. 


898 


900 


W.  W.  Cooke. 
W.W.Cooke. 
W.W.Cooke. 
W.W.Cooke. 
W.W.Cooke. 
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364 
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3 

378 
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387 
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THE  BIRDS  OF  COLORADO. 


Page  49.    1.    iEchmophorus  occidentalis*    Western  Orebb. 

Two  shot  out  of  three  seen  on  Sheldon*8  Lake,  near  Fort 
Collins,  October  29, 1898,  by  Wils  Black.  One  of  them  is  now 
mounted  in  the  museum  of  the  Agricultural  College. 

This  fpecies  has  been  seen  by  Edwin  Carter  in  South  Park, 
but  not  taken. 

Page  49.     4.    Colymbus  nigricollis  californicus.     American 

Eared  Grebe. 

Has  been  seen  at  Breckenridge  in  migration  by  Edwin 
Carter,  and  breeds  abundantly  in  Middle  Park.  In  the  following 
pages  many  records  of  Mr.  Carter  are  given  which  are  not  in  a 
certain  sense  new  records,  since  they  would  be  implied  by  the 
knowledge  of  the  occurrence  of  the  species  in  neighboring  local- 
ities, but  they  are  entered  here  both  as  a  record  of  Mr.  Carter's 
wide  study  of  Colorado  birds  in  localities  not  visited  by  other 
naturalists,  and  to  furnish  additional  proof  of  the  correctness  of 
previous  published  records.  Breckenridge  is  on  the  Blue  River 
at  an  elevation  of  9,500  feet,  and  about  fifty  miles  from  the 
junction  of  the  Blue  and  the  Grand  rivers.  Most  of  Mr.  Carter's 
records  of  "Middle  Park"  meant  the  country  around  the  mouth 
of  the  Blue  river,  with  an  altitude  of  7,000-7,500  feet.  His  ex- 
peditions cover  considerable  of  South  Park,  but  most  of  his 
collecting  has  been  along  the  branches  of  the  South  Platte  on  the 
eastern  side  of  the  park  at  about  8,000  feet. 

Page  50.    6.     Podilymbus  podiceps.    Pied-billed  Grebe. 

Seen  by  Mr.  Carter  at  Breckenridge  in  migration,  but  never 
known  to  breed  there. 

Page  50.    7.    Change  to  Gavia  imber.     Loon. 

This  and  many  changes  given  later  are  made  to  conform 
with  the  present  nomenclature  of  the  American  Ornithologists' 
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Union.     In  the  remainder  of  these  notes  the  words  '^Change  to" 
will  be  omitted  and  merely  the  present  name  given. 

Seen  by  Mr.  Carter  in  Middle  Park.  Mr.  L.  B.  Gilmore  re- 
ports that  one  was  shot  in  July,  1897,  on  Sweetwater  Lake,  was 
mounted  and  is  now  in  the  possession  of  Mr.  John  Root.  This  is 
the  first  summer  record  for  Colorado. 

Page  50.    Add.  9.    Gavia  arctica.     Black-throated  Loon. 

A  northern  species  occurring  as  a  rare  fell  and  winter 
visitant  to  Colorado. 

Mr.  C.  E.  Aiken  of  Colorado  Springs,  contributes  the  follow- 
ing notes. 

"  Three  small  Loons  were  observed  on  Prospect  Lake  in  the 
suburbs  of  Colorado  Springs,  in  November,  1898,  and  all  were 
shot  by  a  local  gunner.  One  which  I  subsequently  examined 
proved  to  be  of  this  species. 

"I  also  examined  in  1883  a  specimen  killed,  I  think,  the 
previous  fall  near  Colorado  Springs. 

"Colorado  is  within  the  probable  winter  range  of  the 
species,  and  it  may  be  a  regular  visitant." 

Page  50.    Add.    [10.    Gavia  pacifica.    Pacific  Loon. 

One  was  shot  in  November,  1899,  near  Clayton,  New  Mexico,  just  over 
the  Colorado  line,  and  was  presented  by  Mr.  Jesse  Harris  to  the  museum  of 
the  Agricultural  College  at  Fort  Collins. 

This  is  the  western  form,  not  before  recorded  east  of  the  Rocky 
Mountains.] 

Page  50.    Add.    [11.    Gavia  lumme.     Red-thboatbd  Loon. 

The  distribution  of  this  species  is  given  in  the  A.  O.  U.  Check  List  as 
^'Northern  part  of  northern  hemisphere,  migrating  southward  in  winter  nearly 
across  the  United  States."  This  would  bring  Colorado  within  the  limits  of 
its  distribution,  and  hence  it  is  one  of  the  species  that  should  be  especially 
sought.    It  has  been  taken  in  Nebraska. 

In  the  following  pages  about  twenty  such  species  are  included  as  show- 
ing what  will  probabo^  be  found  some  day  in  Colorado,  and  to  direct  attention 
to  them  as  species  for  future  investigation.] 

Page  50.     53.     Larus  californicus.     California  Gull. 

Mr.  Carter's  collection  contains  two  specimens  of  this  Gull ; 
one  taken  April  28,  1884,  in  Middle  Park  at  7,000  feet,  and  the 
other  taken  at  Denver,  October  26,  1878. 

Page  51.    54.     Larus  delawarensis.     Ring-billed  Gull. 

The  present  writer  found  this  species  breeding  quite  com- 
monly June  18,  1898,  at  the  San  Luis  Lakes  at  an  altitude  of 
7,500,  being  more  than  a  thousand  feet  above  previous  breeding 
records.  Mr.  Carter  has  never  found  tiiem  breeding  nor  seen 
them  in  fall  migration,  but  in  spring  has  seen  them  in  both 
South  and  Middle  Parks. 
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Page  51.    60.     Larus  Philadelphia.     Bonaparte's  Gull. 

Three  more  instances  are  known  from  Colorado  Springs, 
Denver  and  Longmont.  The  one  from  Denver  is  in  winter 
phimaire.  Mr.  Carter  has  taken  one  in  Middle  Park  in  the 
spring,  this  being  the  first  record  for  Colorado  west  of  the  range. 

Page  51.     62.     Xema  sabinii.     Sabine*s  Gull. 

Mr.  Carter  has  a  specimen  taken  September  26,  1886,  on  an 
alpine  lake  near  Breckenridge  at  over  10,000  feet.  Mr.  Aiken 
killed  one  at  Manitou  Park,10ctober  10,  1897. 

Page  51.    Add.    [64.    Sterna  tschegrava.    Caspian  Tern. 

"Nearly  cosmopolitan;  i^  North  America  breeding  southward  to  Vir- 
ginia, Lake  Michigan,  Texas,  Nevada  and  California."— (A.  O.  U.)  Has  been 
taken  in  Nebraska  and  probably  will  later  be  added  to  Colorado  birds.] 

Page  51.    69.     Sterna  forsteri.     Forster's  Tern. 
Noted  by  Mr.  Carter  only  in  migration. 

Page  51.    Add.    [70.    Sterna  hirundo.    Common  Tebn. 

This  Tern  occurs  over  all  of  North  America,  but  chiefly  east  of  the 
plains.  Specimens  of  both  youne-of-the-year  and  old  birds  are  in  Mr.  Bond's 
collection,  taken  at  Cheyenne.  It  is  also  known  from  Kansas  and  Nebraska, 
so  we  may  confidently  expect  that  the  future  will  add  this  to  the  list  of  Colo- 
rado birds.] 

Page  52.    [74.    Sterna  antillarum.     Least  Tbbn. 

"Northern  South  America,  northward  to  California,  Minnesota  and  New 
England,  and  casually  to  Labrador,  breeding  nearly  throughout  its  range." — 
(A.  O.  U.)f  Has  been  noted  many  times  in  both  Nebraska  and  Kansas  and 
undoubtedly  comes  into  eastern  Colorado,  though  up  to  the  present  it  has  no 
Colorado  record.] 

Page  52.    Add.    [121.    Phalacrocorax  mexicanus.     Mexican  Cormorant. 
"West  Indies  and  Central  America  to  southern  United  States;  north  in 
the  interior  to  Kansas  and  southern  Illinois." — (A.  O.  U.)   There  has  also  been 
a  specimen  reported  from  Nebraska,  so  it  should  be  looked  for  in  Colorado.] 

Page    52.      125.       Pelecanus  erythrorhynchos*      American 

White  Pelican. 

Several  late  records  indicate  that  these  birds  have  not  yet 
deserted  Colorado.  A  flock  of  about  forty  was  seen  feeding  on  a 
small  lake  near  Denver  in  the  spring  of  1898. 

Mr.  Carter  has  one  taken  at  Breckenridge,  August  10, 1892^ 
has  seen  them  in  both  Middle  and  South  Parks,  has  seen  tbeni 
feeding  on  alpine  lakes  and  even  migrating  over  the  mountain' 
passes  at  13,000  feet. 

Page  52.    Add.    [126.    Polee«nus  fuscus.    Browic  Pelican, 

One  was  taken  July  12, 1899,  near  Cheyenne,  Wyoming,  and  is  now  in 
the  Bond  coUeotion. 
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Page  52.      129.      Merganser  americanus.      American  Mer- 
ganser. 
Breeds  at  Breckenridge. 

Page  63.      130.      Merganser  serrator.      Red  breasted  Mer- 
ganser. 
One  taken  by  Mr.  Carter  iu  Middle  Park  is  the  first  record 

west  of  the  range  in  Colorado. 

Page  58.    131.    Lophodytes  cucullatus.    Hooded  Merganser. 
Mr.  Carter  has  one  taken  June  1, 1871,  near  Canon  City. 

Page  53.    132.    Anas  boschas*     Mallard. 

Taken  breeding  by  Mr.  Carter  in  South  and  Middle  Parks. 

Page  53.    In  place  of  133.    Anas  obscura.    Black  Duck.    Put 

134a.     Anas  fulvigula  maculosa.      Mottled  Duck. 

Although  no  specimens  of  this  duck  taken  in  Colorado  have 

been  examined  by  the  present  writer,  yet  there  can  be  no  doubt 

that  the  three  specimens  reported  really  belong  to  this  subspecies. 

Page  53.     135.     Chaulelasmus  streperus.     Gadwall. 
Breeds  in  Middle  Park,  according  to  Mr.  Carter. 

Page  54.     137.     Mareca  americana.     Baldpatr. 

Seen  by  Mr.  Carter  in  summer  in  Middle  Park  at  7,000. 

Page  54.   139.   Nettlon  carolinensis.   Green-winged  Teal. 

140.  Querquedula  dlscors.   Blue-winged  Teal. 

141.  Querquedula  cyanoptera.   Cinnamon  Teal. 

142.  Spatula  clypeata.    Shoveller.  / 
These  four  species  of  ducks  have  all  been  found  by  Mr.  Car- 
ter at  Breckenridge  in  migration,  but  are  none  of  them  known 
by  him  to  breed  at  that  altitude,  though  all  breed  in  the  great 
mountain  parks. 

Page  55.     143.     Daflla  acuta.     Pintail. 

Mr.  Carter  has  taken  Pintails  in  Middle  Park  at  a  little  over 
7,000  feet. 

Page  55.    144.    Alx  sponsa.    Wood  Duck. 

Two  occurrences  near  Cheyenne  are  reported  by  Mr.  Bond, 
who  says  they  are  quite  common  in  northern  Wyoming.  Mr.  A. 
T.  Allen  has  known  several  instances  in  the  vicinity  of  Denver, 
but  none  of  these  were  in  the  summer. 
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Page  55.     146.    Aythya  amerlcana.     Redhead. 

Facts  are  accumulating  which  make  it  probable  that  this 
species  will  in  the  near  future  be  accounted  among  the  breeding 
birds  of  Colorado.  Several  of  these  birds  stayed  in  the  reselrvoir 
at  City  Park  in  Denver  all  the  summers  of  1898  and  1899,  but 
there  was  nothing  to  indicate  that  they  nested  there.  A  red- 
headed duck,  presumably  of  this  species,  a  fine  male,  was  shot  at 
the  San  Luis  Lakes,  June  18,  1898.  This  species,  as  well  as  the 
Canvas-back,  is  known  to  breed  frqm  northern  United  States 
northward. 

Page  55.    147.    Aythya  vallisnerla.     Canvas-back. 

Page  55.    148.    Aythya  marl  la.    Scaup  Duck. 

Page  56.    149.    Aythya  afflnls.     Lesser  Scaup  Duck. 

These  three  have  been  taken  by  Mr.  Carter  at  Breckenridge 
in  migration. 

Page  56.  152.  Clangula  Islandlca.  Barrow's  Golden-etb. 
Mr.  Carter  reports  these  ducks  as  common  breeders  in 
Middle  Park,  and  that  he  once  found  them  nesting  at  Greorgia 
Pass  at  an  altitude  of  10,000  feet.  As  recorded  by  Brewer,  B.  N. 
0.  a  IV.,  1879,  p.  U8,  Mr.  Carter  took  in  Colorado  in  1876  the 
first  eggs  of  this  species  known  to  science. 

Paae  56.     153.    Charltonetta  albeola.     Buffle-hbad. 

In  the  Carter  collection  is  a  fine  male  taken  in  Middle 
Park  April  14,  1877,  and  a  female  taken  May  5,  1884.  Mr. 
Carter  says  that  later  in  1884,  sometime  in  July,  in  Middle  Park, 
he  took  both  male  and  female.  The  male  was  in  such  worn 
plumage  that  it  was  not  saved.  The  female  was  kept  and 
mounted,  but  is  not  now  on  hand.  Known  to  breed  from 
northern  United  States  northward. 

Page  56.     154.     Harelda  hyemalls*     Old-Squaw. 

On  October  16,  1898,  B.  Haywood  killed  two  at  Calkins' 
Lake  near  Longmont.  On  October  23  he  killed  another  at  the 
same  place.  Skins  of  two  of  these  are  now  at  the  capitol  at 
Denver. 

Page  57.    155.    Hlstrlonlcus  hlstrlonlcus.     Harlequin  Duck. 
Mr.  Carter  has  found  it  breeding  in  Middle  Park  and  on  the 
Blue  river  a  little  below  Breckenridge  at  9,200  feet  altitude. 

Page  57.     165.    Oldemla  deglandi.     White-winged  Scoter. 

One  was  shot  on  Barr  Lake  near  Denver,  November  2, 1898, 
and  reported  by  Mr.  Fenton. 
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Page  57.     166,    Oidemia  perspicillata.    Surf  Scoter. 

Two  were  killed  at  Loveland  on  October  31,  1899,  by  Mr. 
H.  A.  Flynn  of  Denver. 

A  few  days  before,  on  October  22,  Mr.  L.  B.  Meek  shot  a  fine 
male  at  Barr  Lake  near  Denver.  The  female  was  with  it,  but 
was  not  secured.  Three  other  specimens  were  known  at  tiie 
same  place  within  the  next  week. 

Page  67.     167.     Erismatura  jamaicensis.     Ruddy  Duck. 

At  Breckenridge,  Mr.  Carter  knows  them  only  as  migrants, 
though  they  nest  but  a  little  lower  down  toward  the  Park. 

Page  68.    169.    Chen  hyperborea.    Lbsser  Snow  Goose. 
Once  seen  by  Mr.  Carter  in  Middle  Park. 

Page  68.     169a.     Chen  hyperborea  nivalis.     Greater  Snow 

Goose. 

One  was  killed  by  Mr.  John  F.  Campion  of  Denver,  at 
Boyd's  Lake  near  Loveland,  April  9,  1899.  It  was  a  female  and 
is  now  in  the  capitol  at  Denver. 

Page  58.    Add.    [169.    1.    Chen  caerulescens.    Blub  Grooss. 

^'iDterior  of  North  America,  breeding  on  eastern  shores  of  Hudson  Bay 
and  migrating  south,  in  winter,  through  Mississippi  valley  to  Gulf  coast.'* — 
(A.  O.  U.)  "Interior  of  North  America  east  of  the  Rocky  Mountains." — 
(Goes.)  Noted  from  Kansas  and  Nebraska  as  not  uncommon  in  fall  and 
winter.] 

Page  58.  171a.    Anser  alblfrons  gambeli.     American  White- 
fronted  Goose. 
There  is  one  in  the  Carter  collection  taken  in  Middle  Park, 

and  Mr.  Carter  says  that  in  migration   he  has  sometimes  seen 

them  there  in  quite  large  numbers. 

Page  58.     172.     Branta  canadensis.     Canada  Goose. 

In  migration  at  Breckenridge  and  breeds  in  Middle  Park. 

Page  59.     Add.     172c.     Branta  canadensis  minima.     Cack- 
ling Goose. 
There  is  one  at  the  capitol  in  Denver,  killed  by  Mr.  John  F. 

Campion  at  Loveland,  April  10,  1898,  and  presented  by  him  to 

the  State  Natural  History  Society. 

Page  59.     180.     Olor  coiumbianus.     Whistling  Swan. 
One  taken  by  Mr.  Carter  in  Middle  Park. 

Page  60.    Add.    186.     Piegadis  autumnalis.     Glossy  Ibis. 
Accidental.    A  fine  specimen  of  this  bird  in  full  plumage  is 
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at  Mr.  A.  T.  Allen's  in  Denver.  It  was  shot  by  him  near  Denver 
several  years  ago.  This  is  the  southern  foim  and  Denver  is 
many  miles  north  of  its  ordinary  range.  Mr.  Aiken  writes  that 
Mr.  B.  G.  Voight  of  Denver  shot  an  adult  male  April  12,  1898, 
along  the  Arkansas  river,  three  miles  west  of  Salida.  Mr.  Voight 
has  the  mounted  specimen  still  in  his  possession. 

Page  60.      187.     Plegadis  guarauna.      Whitb-faced  Glossy 

Ibis. 

Several  more  records  have  been  received.  Two  specimens 
were  shot  on  Barr  Lake  near  Denver,  October  3, 1898.  Four 
were  shot  in  the  fall  at  Twin  Lakes  at  an  elevation  of  9,000 
feet.  Mr.  A.  T.  Allen  has  a  young-of-the-year  taken  near  Den- 
ver. Mr.  Carter  has  taken  them  in  South  and  Middle  Parks  and 
at  Twin  Lakes,  and  there  is  a  specimen  at  Glenwood  Springs 
shot  in  the  vicinity.  These  last  two  are  the  first  records  west  of 
the  range  in  Colorado. 

Page  60.     188.    Tantalus  loculator.     Wood  Ibis. 

Mr.  Carter  has  seen  the  wing  and  bill  of  one  taken  on  the 
Blue  river,  twenty-five  miles  below  Breckenridge,  at  about  8,000 
feet. 

Page  GO.     190.     Botaurus  lentiginosus.     American  Bittern. 

Found  by  Mr.  Carter  breeding  in  both  Middle  and  South 
Parks. 

Noted  by  Mr.  A.  D.  Baker  in  the  Wet  Mountain  valley  at 
8,000  feet. 

Page  61.     191.    Ardetta  exilis.     Least  Bittern. 

A  mounted  specimen  is  now  in  Denver,  taken  by  Mr. 
Rudolph  Borcherdt  on  Berkeley  Lake  near  Denver,  June  8. 1898. 
Mr.  Carter  has  one  taken  in  South  Park,  May  14,  1875,  and  Mr. 
A.  D.  Baker  has  seen  one  in  the  Wet  Mountain  valley  at  over 
8,000  feet. 

Page  61.     194.     Ardea  herodias.     Great  Blue  Heron. 

Once  found  by  Mr.  Carter,  breeding  in  Middle  Park  at 
7,000  feet  altitude,  and  it  has  been  seen  by  Mr.  A.  D.  Baker  in 
the  Wet  Mountain  valley  at  least  a  thousand  ieet  higher. 

Page  61.     Add.     196.    Ardea  egretta.     American  Egret. 

Rare  or  accidental  in  spring.  Mr.  C.  E.  Aiken  writes  as 
follows:  "On  May  12th,  1899,  Mr.  A.  Gruber  and  Mr.  F. 
Cikanck — taxidermists  in  my  employ — reported  seeing  a  single 
bird  in  a  tall  cottonwood   tree  five  miles  south   of  Colorado 
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Springs.  As  they  are  familiar  with  this  species,  as  well  as  the 
more  common  A,  candidissimay  there  appears  no  reason  to  doubt 
their  identification. 

Page  61.     197.    Ardea  candidissima.    Snowy  Heron. 

So  many  records  for  Colorado  are  accumulating  of  this 
species  that  it  must  be  counted  as  a  regular  summer  visitant  to 
the  state,  whether  or  not  it  breeds.  Two  more  specimens  are 
known  from  Denver ;  three  known  by  Mr.  Aiken  at  Colorado 
Springs  the  spring  of  1899 ;  one  at  Glenwood  Springs  the  spring 
of  1898,  while  Mr.  Carter  has  not  only  taken  them  in  Middle 
and  South  Parks,  but  even  at  Twin  Lakes  at  9,000  feet.  A 
male  and  female  were  taken  together  by  Mr.  Carter,  May  12, 
1896,  on  the  Gunnison  river. 

Page  61.    Add.    [201.    Ard«a  vlr«sc«ns.     Qbbbn  Hebon. 

"Temperate  North  America."— (A.  O.  U.)  Common  summer  resident 
of  Nebraska  and  Kansas.  Also  known  as  common  in  the  states  west  of  Colo- 
rado.   Should  be  noted  before  long  from  Colorado. 

Piige    61.       202.       Nycticorax  nyctlcorax  naevlus.       Black- 
crowned  Night  Heron. 

In  1875  Mr.  Aiken  found  them  breeding  at  the  San  Luis 
Lakes  and  secured  eggs.  The  present  writer  also  found  them 
there  in  1898.  Mr.  Carter  has  taken  them  in  both  Middle  and 
South  Parks.  Mr.  L.  B.  Gilmore  saw  them  on  Sweetwater  Lake 
at  8,000  feet,  which  is  one  of  the  highest  records  for  this  species. 

Page  62.    205.    Grus  canadensis.     Little  Brown  Crane. 

Mr.  A.  T.  Allen  has  a  mounted  specimen,  shot  several  years 
ago  near  Denver. 

Page  62.    206.     Grus  mexicana.    Sandhill  Crane. 

Mr.  Carter  has  known  of  their  breeding  in  Middle  Park  to 
about  8,000  feet,  and  Mr.  Baker  saw  some  November  15,  1899, 
in  the  Wet  Mountain  valley  at  about  the  same  altitude. 

Page  63.    Add.    [208.    Rallus  elegans.    King  Kail. 

In  Qo88*  "Birds  of  Kansas"  this  species  is  given  as  extending  "West 
into  Colorado."  There  seems  to  be  an  error  about  this,  and  there  is  at  present 
no  undoubted  record  of  this  bird  in  Colorado.  ISince,  however,  it  is  a  common 
species  in  Kansas  and  Nebraska,  nearly  to  the  Colorado  line,  we  may  expect 
sooner  or  later  to  have  the  above  record  verified.] 

Page  63.    212.     Rallus  virginianus.     Virginia  Rail. 

Taken  by  Mr.  Aiken  at  the  San  Luis  Lakes,  June  30,  1875, 
and  therefore  breeding  there  at  7,500  feet.  One  was  brought  to 
Mr.  Aiken  that  was  shot  February  16,  1899,  at  a  spring  five 
miles  from  Colorado  Springs.    It  was  a  male  in  good  condition, 
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though  this  was  the  middle  of  one  of  the  severest  winters  ever 
known  in  Colorado,  with  the  temperature  many  degrees  below 
zero.  Several  were  said  to  have  been  seen,  and  also  a  smaller, 
darker  kind  that  was  probably  Carolina.  Has  been  seen  by  Mr. 
Baker  in  the  Wet  Mountain  valley  at  over  8,000  feet. 

Page  63.     214.     Porzana  Carolina.     Sora. 

Taken  by  Mr.  Carter  at  Breckenridge,  and  breeds  from 
Middle  Park  up  the  Blue  river  to  about  9,000  feet. 

Page  63.    Add.    [215.    Porzana  novoboraconsis.        Yellow  Bail. 

"Chiefly  eastern  North  America,  north  to  Nova  Scotia,  Hudson  Bay, 
etc.,  less  commonly  west  to  Nevada  and  California."— (A.  O.  U.)    Thus  by  im- 

glication  Colorado  is  included  in  its  habitat,  but  it  has  not  yet  been  found 
ere.    Known  as  not  uncommon  in  Kansas  and  Nebraska.] 

Page  63.     221.     Fuiica  americana.     Ambrican  Coot. 

Breeds  in  Middle  and  South  Parks,  but  known  by  Mr.  Car- 
ter at  Breckenridge  only  in  migration. 

Page  63.     223.     Phalaropus  lobatus*    Northern  Phalarope. 
Mr.  Carter  saw  several  in  Middle  Park  at  7,000  feet,  May  26, 
1884.     He  has  taken  them  at  Breckenridge  in  migration. 

Page  63.  224.  Steganopus  tricolor.  Wilson's  Phalarope. 
Two  pairs  were  taken  near  Glenwood  Springs  during  the 
spring  of  1898.  Mr.  Carter  has  taken  them  in  migration  in  both 
Middle  and  South  Parks,  but  not  at  Breckenridge.  On  Septem- 
ber 1,  1885,  he  took  a  young-of-the-year  at  timber  line. 

Page  64.  226.  Recurvlrostra  americana.  American  Avocet. 
At  the  same  places  where  Aiken  found  them  breeding  in 
the  San  Luis  valley  in  1876,  the  present  writer  found  thorn 
breeding  in  1898.  Mr.  Carter  says  that  he  has  found  them 
breeding  in  South  Park,  and  has  taken  them  in  migration  at 
Breckenridge. 

Page  64.    230.    Galllnago  dellcata.    Wilson's  Snipe.. 

Mr.  L.  B.  Gilmore  reports  it  as  remaining  nearly  every 
winter  around  Sweetwater  Lake  at  8,000  feet.  About  January 
20, 1900,  he  saw  nine  at  one  time.  It  also  breeds  sparingly  in 
that  vicinity.  At  Breckenridge  it  has  been  noted  only  in  migra- 
tion. 

Page  60.    233,    Mlcropalama  himantopus.    Stilt  Sandpiper. 
Several  more  records  have  come  to  hand  of  this  rare  Sand- 
piper.   Mr.  Aiken  took  one  at  Colorado  Springs,  May  14,  1884. 
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Mr.  Carter  has  one  taken  at  Breckenridge.  and  has  also  taken 
them  years  ago  in  both  Middle  and  South  Parks. 

Page  65.    Add.    [234.    Trlngm  canutus.    Knot. 

"Nearly  oosmopolitan.  Breeds  in  high  northern  latitudes,  but  visits 
the  southern  hemisphere  during  its  migrations." — (A.  O.  U )  Should  be 
looked  for  in  Colorado,  as  it  has  been  taken  in  both  Kansas  and  Nebraska.] 

Page  65.    241.    Tringa  balrdll.     Baird's  Sandpiper. 
242.    Tringa  minutilla.     Least  Sandpiper. 

246.     Ereunetes  puslllus.       Semipalmated    Sand- 
piper. 

All  three  have  been  taken  by  Mr.  Carter  in  Middle  and 
South  Parks, 

Page  66.     249.     LImosa  fedoa.     Marbled  Godwit. 

Mr.  Carter  has  taken  them  as  high  as  Breckenridge,  far 
above  their  ordinary  range. 

Page  66.     254.    Totanus  melanoleucus.     Greater  Yellow- 

LBQS. 

Taken  by  Mr.  Carter  in  migration  in  both  Middle  and 
South  Parks,  and  by  Mr.  Baker  in  Wet  Mountain  valley,  at 
le^st  to  8,000  feet. 

Page  66.     255.    Totanus  flavlpes.     Yellow-legs. 

Taken  by  Mr.  Carter  in  migration  in  both  Middle  and  South 
Parks. 

Page  67.    256.    Helodromas  solltarlus.    Solitary  Sandpiper. 

Page  67.     258a.    Symphemia  semlpalmata  Inornata.     West- 
ern WiLLET. 
At  Breckenridge  Mr.  Carter  has  noted  it  only  in  migration. 

Pag^67.    Add.    [262.    TrynsiUs  subrufieollis.    Butf-bbbasted  Sandpipeb. 
"North  America,  especiallv  in  the  interior."— (A.  O.  U.)    Known  from 
Kansas  and  Nebraska  and  should  be  taken  in  Colorado. 

Page  67.    263.    Aetltis  maeularla.    Spotted  Sandpiper. 
Breeds  at  Breckenridge. 

Page  67.    264.    Numenlus  longirostrls.    Lokq-billed  Curlew, 
Taken  by  Mr.  Carter  at  Breckenridge  in  migration,  and 
found  by  him  breeding  in  Middle  and  South  Parks, 
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Page    68.       270.      Squatarola  squatarola.      Black-bellied 

Plover. 

In  Mr.  Bond's  collection  is  a  very  fine  specimen  in  fvU 
breeding  plumage,  taken  at  Cheyenne,  May  21,  1898. 

Page  68.     273.    /Egialltis  voclfera.     Killdebr. 
Breeds  at  Breckenridge. 

Page    68.       274.      /Egialltis  semipalmata.       Semipalmated 

Plover. 

One  in  Mr.  Carter's  collection  was  shot  from  a  large  flock 
seen  by  him  in  the  fall  on  Grand  Lake  in  Middle  Park. 

Page  68.    Add.    [277a.    ^ialitis  meloda  circumcincta.     Bbltbd  Piping 

Plovbr. 

There  is  one  in  the  Bond  collection,  taken  at  Cheyenne,  May  13, 
1892,  but  although  this  is  bo  close  to  Colorado,  and  it  is  known  in  both  I£an- 
sas  and  Nebraska,  yet  up  to  the  present  time  it  has  no  record  for  this  State.] 

Page  68.    Add.    [278.    ^ialitls  nivosa.    Snowy  Ploveb. 

^'Western  United  States,  from  California  east  to  Kansas  and  western 
Gulf  States." — (A.  O.  U.)  Surely  this  ought  to  include  Colorado,  but  it  has 
no  record  here  as  yet.] 

Page  68.     281.    /Egialltis  montana.     Mountain  Plover. 

Mr.  Carter  has  never  seen  them  at  Breckenridge,  even  in 
migration,  but  has  found  them  breeding  in  South  Park. 

Page  69.     283.    Arenaria  Interpres.     Turnstone. 

Eight  of  these  birds  were  killed  on  Berkeley  Lake  near 
Denver,  May  18,  1900,  and  four  of  them,  two  males  and  two 
females,  were  mounted  by  Mr.  Rudolph  Borcherdt. 

Page  69.     289.     Collnus  virglnlanus.     Bob-white. 

Introduced  about  1891  near  Grand  Junction  and  still  occurs 
there,  but  not  in  anywhere  near  the  numbers  of  the  California 
Partridge.  They  occur  in  the  Wet  Mountain  valley  to  at  least 
8,000  feet.  They  are  native  and  not  uncommon  at  Wray,  in 
eastern  Colorado  on  the  plains. 

Page  69.  Add.  [289b.  Colinus'  virginianus  Kxanus.  Tsxan  Bob-whitb. 
As  its  name  implies,  this  is  a  Texas  species,  inhabitatinf  southern  and 
western  Texas.  It  has  been  taken  in  southwestern  Kansas.  If  it  occurs  any- 
where in  Colorado  it  would  be  in  the  extreme  southeastern  corner,  along  the 
Cimarron  river.  No  ornithologist  has  ever  penetrated  this  part  of  Colorado, 
which  undoubtedly  holds  many  new  records  for  the  fortunate  one  that  ex- 
plores it.  It  is  fair  to  presume  that  of  the  dozen  or  fifteen  species  known  to 
occur  along  the  Cimarron  a  little  further  east,  that  have  not  yet  been  taken 
in  Colorado,  that  several  follow  it  up  occasionally  into  this  State.  Whoever 
goes  into  that  country  should  seek  especially  for  the  Lesser  Prairie  Hen,  the 
Texan  Bob-white,  and  settle  definitely  whether  the  Turkey  of  that  region  is 
the  eastern  form.  So  far  as  is  known  to  the  present  writer,  all  of  the  Turkeys 
in  the  various  collections  in  the  State  are'referable  to  the  Mexican  form. 
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Page  69.    293.    Calllpepla  squamata*    Scaled  Partridge. 

A  queer  state  of  affairs  has  come  to  light  in  regard  to  the 
occurrence  of  this  species  in  Colorado,  that  shows  strongly  how 
much  there  is  yet  to  be  learned  about  Colorado  ornithology.  In 
1895  W.  P.  Lowe  gave  in  the  Auk  the  first  published  record  of 
this  species  for  Colorado.  It  was  considered  a  rare  specimen  and 
extended  the  known  range  nearly  three  hundred  miles  north- 
eastward. Two  years  ago  a  specimen  was  sent  to  the  present 
writer  that  was  taken  at  Rocky  Ford,  but  was  supposed  to  have 
been  introduced  there.  Now  it  has  become  known  that  they  are 
common  among  the  cedars  on  the  higher  arid  lands  back  from 
the  river  and  miles  away  from  water.  The  cowboys  that  rode 
the  range  at  least  sixteen  years  ago,  report  that  they  were  more 
plentiful  there  then  than  they  are  now.  Lately  they  have  been 
working  toward  the  cultivated  lands  along  the  river,  and  during 
the  winter  of  1899-1900  they  have  become,  in  the  vicinity  of 
Rocky  Ford,  more  common  than  the  Bob-white.  The  Scaled 
Partridge  should  therefore  be  considered  as  resident ;  common 
locally. 

Page  69.     294.     Lophortyx  callfornlcus.      California  Part- 
ridge. 

A  few  years  ago  nearly  a  thousand  of  these  birds  were 
turned  loose  at  Grand  Junction.  They  have  thriven  wonderfully 
and  the  country  now  is  full  of  them.  They  average  two  broods 
per  year  and  the  market  gardeners  claim  they  are  a  nuisance  in 
their  v^etable  gardens. 

Page  70.     295.     Lophortyx  gambelll.    Gambbl's  Partridge. 

Page  70.     297.     Dendragapus  obscurus*     Dusky  Grousb. 
Breeds  at  Breckenridge. 

Page    70.      300b.      Bonasa  umbellus  umbelloides.      Gray 

Ruffed  Grouse. 

At  last  the  present  writer  has  had  the  good  fortune  to  see 
this  bird  with  his  own  eyes.  A  family  of  old  and  young  were 
seen  August  12,  1899,  on  South  Fork  in  Estes  Park,  at  9,000  feet 
elevation. 

Page  70.   304.   Lagopus  leucurus.    White-tailed  Ptarmiqan. 
Breeds  at  Breckenridge. 

Page  71.    305.    Tympanuchus  amerlcanus.      Prairie  Hen. 

Resident.     Further  records  of  this  species  allow  us  now  to 

include  it  among  the  breeders.      Mr.  Otto  Derr  writes  that  at 
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Wray  the  Prairie  Hen  is  not  an  uncommon  breeder,  occurring 
there  with  the  Sharp-tailed  Grouse  and  Bob-white. 

Page    71.       308b.       Pedloecetes    phaslanellus    campestrls. 

Prairie  Sharp-tailed  Grouse. 

Mr.  Carter  says  that  they  breed  in  Middle  Park,  but  only  in 
the  lower  parts,  not  above  7,500  feet.  In  winter  they  have  been 
noted  up  to  9,500  feet. 

Page  71.  309.  Centrocercus  urophaslanus.  Saqb  Grouse. 
The  highest  that  Mr.  Carter  has  found  them  breedmg  is  at 
Dillon,  about  9,000  feet.  In  their  migration,  or  more  properly, 
wanderings,  he  has  taken  them  at  Breckenridge,  and  has  even 
seen  them  crossing  the  main  range  at  14,000  feet. 

Pa^e  71.  310a.  Meleagrls  gallopavo  fera.  Wild  Turkey. 
As  late  as  1898  Turkeys  were  seen  in  Wet  Mountain  valley, 
and  though  they  are  entered  here  as  belonging  to  the  eastern 
form  this  is  without  sure  proof,  and  the  line  in  Colorado  separat- 
ing the  two  forms  has  not  yet  been  settled. 

Page  72.    310.     Meleagrls  gallopavo.     Mexican  Turkey. 

The  Turkey  in  Mr.  Carter's  collection  is  a  well  marked 
specimen  of  the  western  bird,  though  taken  on  the  Atlantic  slope 
in  South  Park  in  January,  1878. 

Page  72.    312.    Columba  fasclata.    Band-tailed  Pigeon. 

Mr.  Carter  has  found  them  nesting  in  South  Park,  but  has 
never  seen  them  at  Breckenridge.  The  present  writer  saw  a 
flock  of  eight  at  Mary's  Lake  in  Estes  Park  in  August,  1898,  and 
a  single  bird  at  the  same  place  the  next  August. 

Page  73.    Add.    [315.    Ectopistes  misratorius.    Passbnobb  Piobon. 

"Eastern  North  America,  from  Hudson  Bay  southward,  and  west  to 
the  Great  Plains,  straggling  thence  to  Nevada  and  Washington.*' — (A.  O.  U.) 
It  would  be  strange  if  the  true  eastern  Pigeon  did  not  occur  occasionally  in 
Colorado,  and  it  has  several  times  been  reported  here.  All  of  these  records 
or  statements,  when  followed  up,  prove  to  be  the  Band-tailed  Pigeon.] 

Page  73.    316.    Zenaldura  macroura.     Mourning  Dove. 
Breeds  at  Breckenridge. 

Page  73.  319.  Melopella  leucoptera.  White- winobd  Dove. 
One  was  shot  by  Mr.  A.  D.  Baker  in  the  Wet  Mountain 
valley  in  September,  1899.  This  is  the  fourth  record  for  Colo- 
rado, and  makes  it  probable  that  the  bird  is  not  a  mere  straggler 
to  the  State. 
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Page  73.    Add.    [326.    Catharista  urubu.     Black  Vulture. 

"South  Atlantic  and  Gulf  States,  *  *  *  west  to  the  Great  Plains.  *  *  * 
straggling  north  to  South  Dakota."— (A.  O.  U.)  Has  been  taken  in  western 
Kansas  and  probably  will  some  time  be  found  as  a  rare  summer  visitant  in 
southeastern  Colorado.] 

Page  73.    331.    Circus  hudsonlus.     Marsh  Hawk. 
Breeds  to  at  least  8,000  feet,  near  Breckeniidge. 

Page  74.    332.    Acclplter  velox.    Sharp-shinned  Hawk. 
Breeds  at  Breckenridge. 

Page  74.    333.    Acclplter  cooperl.     Cooper's  Hawk. 

Not  known  by  Mr.  Carter  to  breed  at  Breckenridge,  though 
not  uncommon  as  a  breeder  a  little  lower  in  Middle  Park. 

Page  74.    334.    Acclplter  atrlcaplllus.     American  Goshawk. 
Occurs  at  Breckenridge  both  in  summer  and  in  winter. 

Page  74.    334a.    Acclplter  atrlcaplllus  strlatulus.     Western 

Goshawk. 

One  was  shot  at  Sweetwater  Lake,  Garfield  county,  February 
12,  1898,  by  Mr.  J.  T.  Meirer,  and  identified  by  the  Smithsonian. 
Two  others  were  seen  later.  One  was  taken  near  Colorado 
Springs  in  winter,  and  is  now  in  Mr.  Aiken's  collection.  Mr. 
Carter  has  quite  a  collection  of  Goshawks  taken  in  the  vicinity 
of  Breckenridge,  largely  intermediates,  but  nearly  half  of  them 
would  be  classed  under  the  head  of  striatvius. 

Page  75.  337b.  Buteo  borealls  calurus.  Western  Red-tail. 

Page  75.  342.  Buteo  swalnsonl.  Swainson's  Hawk. 

Page  75.  348.  Archlbuteo  ferrugineous.    Ferruginous  Rough- 
leg. 

Page  75.  349.  Aqulla  chrysaetos.  Golden  Eagle. 

These  four  are  represented  in  the  Carter  collection  and  all 

breed  at  Breckenridge. 

Page  76.    352.     Hallaeetus  leucocephalus.     Bald  Eagle. 

Mr.  Carter  has  known  of  its  breeding  at  Breckenridge  and 
nearly  to  10,000  feet. 

Page  76.  360.  Faico  sparverlus.  American  Sparrow  Hawk. 
A  Sparrow  Hawk  in  the  collection  of  the  Agricultural  Col- 
lege at  Fort  Collins,  taken  on  the  plains  near  there,  is  referable 
to  the  eiustem  form,  but  shows  a  tendency  toward  the  western. 
Of  five  adult  birds  in  Mr.  Carter's  collection,  taken  in  the  moun- 
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tains,  two  are  eastern  and  three  western.     One  of  the  eastern 
birds  was  taken  east  of  the  range  and  the  other  west. 

Page  76.      Add.      360a.       Faico    sparverlus    desertlcolus. 

Desert  Sparrow  Hawk. 

Resident.  Two  adult  males  and  one  adult  female  in  Mr. 
Carter's  collection  are  clearly  referable  to  the  western  form.  They 
were  taken  in  Middle  and  South  Parks. 

Page  77.    364.     Pandlon  hallaetus  carollnensls.     American 

OSPREY. 

Mr.  Carter  has  seen  them  at  Breckenridge,  and  knows  of 
their  nesting  as  high  as  8,500  feet,  on  the  Blue  river. 

Page  77.    365.    Strix  pratlncola.     American  Barn  Owl. 

One  has  been  seen  by  Mr.  A.  D.  Baker  in  the  Wet  Mountain 
valley.  An  adult  female  was  shot  at  Rocky  Ford  in  June,  1898, 
and  is  now  in  the  collection. of  A.  J.  Dean. 

Page  77.      366.     Aslo  wllsonlanus.     American  Lono-bared 
Owl. 
Common  near  Breckenridge. 

Page  77.    367.    Aslo  acclpltrlnus*    Short-eared  Owl. 
Has  been  taken  at  Breckenridge  in  winter. 

Page  77.     Add.    368.    Syrnlum  nebulosum.      Barred  Owl. 

Resident.  A  common  species  of  eastern  United  States,  west 
to  Nebraska  and  Kansas,  now  first  added  to  Colorado  birds  by 
the  following  note  from  Mr.  C.  E.  Aiken  : 

"In  March,  1897,  Mr.  B.  G.  Voight  found  a  pair  of  these 
Owls  breeding  near  Holyoke,  in  the  northeast  corner  of  the  state. 
Two  eggs,  somewhat  incubated,  and  one  of  the  birds  were 
secured." 

Page  77.     371.      Nyctala  tengmalml  richardsonl.     Richard- 
son's Owl. 

A  second  specimen  for  Colorado  is  the  one  taken  by  Mr. 
Carter  at  Breckenridge,  December  28,  1882,  and  now  in  his  col- 
lection. 

Page  77.    372.     Nyctala  acadica.    Saw-whet  Owl. 

Mr.  Carter's  collection  contains  an  adult  taken  at  Brecken- 
ridge and  also  a  young-of-the-year  taken  there  August  10,  1884. 
Though  Mr.  Carter  has  seen  no  nests  at  Breckenridge,  there  can 
be  little  doubt  that  they  breed  there. 
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As  the  present  writer  was  working  on  this  part  of  this  bull9- 
tin,  January  31,  1900,  one  of  our  students  caught  a  fine  specimen 
in  his  hands  in  one  of  the  evergreens  near  the  main  College 
building. 

Page    78.      374.      Megascops    flammeola.      Flammulated 

Screech  Owl. 

Nine  new  records  for  Colorado  and  four  instances  of  breed- 
ing can  be  added  to  the  fourteen  previous  specimens  known.  P* 
L.  Jones  reports  one  found  dead  May  1,  1898  ;  a  female  and  two 
fresh  eggs  that  proved  infertile,  June  27,  1898 ;  a  young  male 
caught  by  a  cat,  September  12,  1898 ;  a  female  and  three  eggs 
incubated  about  four  days,  June  5,  1899.  All  four  cases  were 
near  Beulah,  at  less  than  7,000  feet.  Capt.  D.  B.  Ingraham  re- 
ports finding  a  female  and  two  fresh  eggs  June  2,  1898,  and  two 
days  later  a  female  and  two  slightly  incubated  eggs,  the  latter 
within  a  hundred  yards  of  where  a  female  and  three  eggs  were 
taken  in  1897,  near  Beulah.  Mr.  C.  E.  Aiken  reports  two  more 
specimens  from  Colorado  Springs;  one  of  these,  taken  on 
Fountain  Creek,  is  the  first  summer  specimen  for  the  plains. 
There  is  one  in  the  Carter  collection,  taken  at  Breckenridge, 
October '4,  1894.  These  make  twenty-three  records  for  Colorado 
and  ten  instances  of  nesting. 

Page  80.    375b.     Bubo  virglnlanus  arctlcus.    Arctic  Horned 

Owl. 

Mr.  Aiken  reports  a  fine  specimen  killed  near  Colorado 
Springs,  November  28,  1898.  Another  one  said  to  have  been 
seen.    These  notes  of  course  refer  to  the  lighter  mountain  form. 

Up  to  the  time  of  the  issue  of  this  bulletin,  the  A.  0.  U.  has 
come  to  no  conclusion  in  regard  to  what  name  shall  be  applied 
to  this  variety. 

Horned  Owls  are  common  at  Breckenridge,  but  in  Mr. 
Carter's  quite  extensive  series  there  are  none  of  the  lighter  form. 

Page  80.    376.     Nyctea  nyctea.     Snowy  Owl. 

Has  been  reported  to  Mr.  Carter  as  taken  near  Breckenridge. 
The  most  southern  record  to  date  in  Colorado  is  one  known  by 
Mr.  Baker  to  have  been  seen  in  the  Wet  Mountain  valley. 

Page  81.    378.    Speotyto  cunicularia  hypogaea.     Burrowing 
Owl. 
One  in  the  Carter  collection,  taken  in  Middle  Park. 

Page  81.    379.    Glaucidium  gnoma.     Pygmy  Owl. 
Mr.  Carter  reports  it  as  breeding  at  Breckenridge. 
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Page  81.    385.    Geococcyx  callfornlanus.     Road-runner. 

There  is  one  in  the  Carter  collection  that  was  taken  on  the 
Arkansas  above  Canon  City.  Mr.  Carter  saw  one  several  years 
ago  near  Littleton,  which  is  the  most  northern  record  for  the 
State. 

Page  82.    387a.    Coccyzus  americanus  occidentalls.      Cali- 
fornia Cuckoo. 
Taken  by  Mr.  Carter  in  Middle  Park. 

Page  82.    39Q.    Ceryle  alcyon.     Belted  Kinqfisher, 

Mr.  L.  B.  Gilmore  records  one  that  wintered  in  1897-8  near 

the  outlet  of  Sweetwater  Lake,  at  about  8,000  feet. 
Breeds  at  Breckenridge. 

Page    82.      393e.      Dryobates    villosus    montlcola.      Rocky 

Mountain  Hairy  Woodpecker. 

This  the  present  name  given  to  the  common  form  that 
occurs  in  Colorado.    Breeds  at  Breckenridge. 

Page  82.     394c.      Dryobates  pubescens  medlanus.     Downy 

Woodpecker. 

If  the  eastern  form  really  occurs  in  (k)loradOy  it  would  be  of 
this  subspecies. 

Page  83.    394b.     Dryobates  pubescens  homorus.     Batchel- 

der's  Woodpecker. 
Page  83.     401b.      PIcoldes  americanus  dorsalis.      Alpine 

Three-toed  Woodpecker. 
Page  83.     402a.     Sphyraplcus  varlus  nuchalis.      Red-naped 

Sapsucker. 
Page  84.    404.     Sphyraplcus  thyroldes.     Williamson's  Sap- 
sucker. 

The  last  four  species  are  all  represented  in  Mr.  Carter's  col- 
lection, and  have  been  taken  by  him  as  breeders  at  Breckenridge. 

Page  84.    405a.    Ceophloeus  plleatus  abietlcola.     Northern 
PiLEATED  Woodpecker. 
This  becomes  now  the  name  of  the  Colorado  bird. 

Page  84.    406.      Melanerpes  erythrocephalus.     Red  headed 

Woodpecker. 

Taken  at  Breckenridge  by  Mr.  Carter,  but  not  known  to 
breed  there. 
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Page  84.  408.  Melanerpes  torquatus.  Lewis's  Woodpecker. 
The  statement  of  breeding  for  this  species  is  a  misprint.  It 
should  be :  Breeds  late  in  May.  In  calling  attention  to  the 
error,  Mr.  Walter  Blanchard  of  Boulder,  writes  that  the  earliest 
eggs  he  has  known  at  Boulder  were  May  10,  and  the  latest,  June 
14.  Mr.  Carter  has  seen  the  birds  at  Breckenri'lge,  but  does  not 
know  of  their  nesting  there. 

Page  84.     409.     Melanerpes  carolinus.     Red-bellied  Wood- 
pecker. 
One  was  taken  by  Mr.  C.  £.  Aiken  near  Limon  in  May, 

1899. 

Page    85.       412a.      Colaptes   auratus   luteus.       Northern 

Flicker. 

It  is  probable  that  the  Colorado  bird  should  be  referred  to 
this  form. 

P^ge  86.     413.    Colaptes  cafer.     Red  shafted  Flicker. 
Breeds  at  Breckenridge. 

Page  85.     418.     Phalaenbptilus  nuttallll.     Poor-will. 
Mr.  Carter  reports  their  breeding  in  Middle  Park. 

Page  85.      420a.    Chordelles  virglnlanus  henryl.      Western 

NiGHTHAWK. 

Page  86.    425.    Aeronautes  melanoleucus*    White-throated 
Swift. 
Both  these  last  two  breed  at  Breckenridge. 

Page  86.     429.     Trochilus  alexandrh      Black-chinned  Hum- 
mingbird. 
Mr.  Wm.  Cross  took  a  fine  male  at  Glenwood  Springs  in 

1398.    This  is  the  most  northeasterly  record  to  date. 

Page   86.      432.      Selasphorus  platycercus.      Broad-tailed 
Hummingbird. 

Breeds  at  Breckenridge. 

Page  86.     433.     Selasphorus  rufus.     Rufous   Hummingbird. 
One   was  taken   by   Mr.   Carter  at  Breckenridge,  and    it 
probably  breeds  there,  though  he  has  never  found  its  nest. 

Page  87.    436.     Stellula  calliope.      Calliope  Hummingbird. 
One  of  the  most  surprising  specimens  in  Mr.  Carter's  collec- 
tion is  a  fine  Calliope  Hummer  taken  near  Breckenridge,  June 
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30,  1882,  at  an  altitude  of  about  9,500  feet.     This  is  the  second 
record  for  Colorado. 

Page  87.     444.    Tyrannus  tyrannus.     Kinobird. 
Breeds  in  Middle  Park,  according  to  Mr.  Carter. 

Page  87.     447.    Tyrannus  vertlcalls.     Arkansas  Kingbird. 

Mr.  Carter  has  seen  them  at  Breckenridge  in  migration,  and 
knows  of  their  breeding  in  Middle  Park. 

Page  87.     448.    Tyrannus  vociferans.     Ca8Sin*s  Kinobird. 

Occurs  in  migration  at  Breckenridge  and  breeds  only  a 
little  lower,  nearly  to  9,000  feet. 

Page    87.       454.       Mylarchus  cinerascens.       Ash-throatbd 
Flycatcher. 

The  known  northeastern  range  of  this  biid  has  been  con- 
siderably extended  by  a  specimen  in  the  Bond  collection,  taken 
at  Cheyenne,  Wyoming,  June  6,  1896. 

Page  88.     457.     Sayornis  saya.     Say's  Ph(ebe. 

Mr.  Carter  has  taken  it  at  Breckenridge,  but  does  not  know 
of  it's  breeding  there. 

Page  88.    459.    Contopus  borealls.    Olive  bided  Flycatcher. 
Page   88.      462.      Contopus  rIchardsonIK     Western    Wood 

Pewee. 
Page  88.    464.     Empldonax  difficllls.    Western  Flycatcher. 
Page  88.     466.     Empldonax  trallllK     Traill's  Flycatcher. 

Of  these  four,  the  first  three  breed  at  Breckenridge,  while 
the  last  occurs  there  in  migration,  but  has  not  been  noted 
breeding. 

Page  89.     468.      Empldonax  hammondl.      Hammond's  Fly- 
catcher. 
Known  by  Mr.  Carter  to  breed  as  high  as  Dillon  at  9,000 

feet. 

Page  89.     469.     Empldonax  wrightlh     Wright's  Flycatcher. 
Occurs  at  Breckenridge  in  migration,  but  not  known  by  Mr. 
Carter  to  breed  there. 

Page    89.      474c.      Otocoris  alpestrls  arenlcola.       Desert 

Horned  Lark. 

During  February,  1899,  Colorado  experienced  the  most 
severe  weather  on  record.     Along  the  foothills  from  Fort  Collins 
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to  Colorado  Springs  the  mercury  fell  to  thirty  below  zero  F.  or 
lower.  For  two  weeks  or  more,  countless  thousands  of  the 
Horned  Larks  flocked  into  the  towns  in  search  of  food,  and  many 
thousands  died  of  cold  and  hunger.  Around  the  flour  mills  and 
elevators  they  came  in  clouds.  Many  persons  made  special  pro- 
vision for  feeding  them,  one  man  giving  them  more  than  three 
thousand  pounds  of  grain.  Mr.  Carter  ascribes  to  this  form  the 
birds  that  breed  at  Breckenridge. 

Page   89.      475.      Pica  pica  hudsonlca.     American   Maqpie. 
Mr.  Carter  found  them  at  Breckenridge  breeding  almost  to 
timber  line,  at  10,500  feet. 

Page   90.      478b.      Cyanocltta  stelleri  macrolopha.      Long- 

CRESTED  Jay. 

At  Boulder,  Mr.  Blanchard  has  taken  the  earliest  sets  of  eggs 
May  11,  1896,  May  15,  1897,  and  May  10,  1898. 

Mr.  Carter  notes  their  breeding  at  Breckenridge. 

Page  90.      484a.      Perlsoreus  canadensis  capltalis.      Rocky 
Mountain  Jay. 

Page  91.     486.     Corvus  corax  sinuatus.    American  Raven. 
Both  breed  at  Breckenridge. 

Page  91.     487.    Corvus  cryptoleucus.    White-necked  Raven. 

There  is  one  in  the  Carter  collection,  taken  at  Dillon  in  the 
fall  of  1872.  At  that  time  they  were  quite  common,  Mr.  Carter 
says,  but  have  since  disappeared. 

One  was  seen  by  Mr.  A.  D.  Baker  in  the  Wet  Mountain 
valley  a  few  years  ago.  Mr.  C.  E.  Aiken  learned  at  Limon,  out 
on  the  plains  east  of  Colorado  Springs,  that  one  was  seen  there 
about  ten  years  ago. 

Page  92.     488.     Corvus  americanus.     American  Crow. 

Has  been  taken  by  Mr.  Carter  at  Breckenridge,  but  is  not 
known  to  breed  there.     Usually  seen  singly. 

Page   92.       491.       Nucifraga  Columbiana.       Clarke's    Nut- 
cracker. 
Breeds  at  Breckenridge. 

Page  93.     492.     Cyanocephalus  cyanocephalus.     Pinon  Jay. 
Mr.  Carter  has  seen  them  at  Breckenridge  in  the  fall,  but 
during  the  summer  season  has  not  found  them  there  or  in  either 
Middle  or  South  Park. 
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Page  93.     494.     Dolichonyx  oryzlvorus.     Bobolink. 

To  the  few  records  of  this  bird  in  Colorado  Mr.  Carter  now 
adds  two  more.  One  was  taken  in  Middle  Park  May  20,  1884, 
at  7,000  feet,  and  one  taken  in  South  Park  May  21,  1876,  at 
about  8,000  feet.  These  are  farther  west  and  at  a  higher  altitude 
than  any  previous  Colorado  records.  Mr.  C.  E.  Aiken  saw  a 
female  at  Limon  in  May,  1899. 

Page  93.     495.     Molothrus  ater.     Cowbikd. 

Page  93.     497.    Xanthocephalus  xanthocephalus.     Yellow- 
headed  Blackbird. 

Page  94.     498.     Agelalus  phoenlceus.     Red-winged  Black- 
bird. 
All  three  of  these  Blackbirds  have  been  found  by  Mr.  Carter 

breeding  in  Middle  and  South  Parks,  and  all  have  been  taken  at 

Breckenridge,  but  only  in  migration. 

Page    94.      501b.      Sturnella   magna   neglecta.      Western 
Meadowlark. 
Breeds  at  Breckenridge. 

Page  95.     508.     Icterus  bullocki.     Bullock's  Oriole. 

Seen  by  Mr.  Carter  in  Middle  Park,  but  contrary  to  what 
would  be  expected,  he  has  never  seen  it  at  Breckenridge. 

Page  95.     510.     Scolecophagus  cyanocephalus.     Brewer's 
Blackbird. 
Breeds  at  Breckenridge. 

Page   95.      514a.      Coccothraustes    vespertinus   montanus. 

Western  Evening  Grosbeak. 

The  record  is  now  complete  for  Colorado  for  every  month  in 
the  year.  They  had  been  seen  in  the  State  from  the  first  week 
in  August  until  late  in  May.  On  June  19,  1898,  Mr.  C.  E.  Aiken 
found  a  flock  of  twenty-five  to  thirty  birds  in  the  foothills  near 
Colorado  Springs.  He  killed  five  males.  The  testicles  of  each 
were  the  size  of  a  bean,  and  it  was  evident  that  the  birds  were 
breeding  in  the  mountains  and  had  come  down  to  feed  on  the 
insect  larva3  that  were  ravaging  the  young  oak  leaves.  The  year 
is  completed  by  the  record  of  Mr.  L.  A.  Test  of  the  Agricultural 
College  at  Fort  Collins,  who  on  July  22,  1899,  and  again  the 
next  day,  in  Estes  Park,  saw  a  party  of  eight,  apparently  three 
old  birds  and  five  young  ones.  Mr.  P.  L.  Jones  of  Beulah  reports 
that  during  May  and  June,  1898,  these  birds  were  constantly 
around  his  premises.     Late  in  June  he  saw  a  flock  of  seventeen, 
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composed  of  male  and  female  and  some  birds  which  seemed  to 
to  be  young-of-the-year,  but  were  not  captured  for  certain  identi- 
fication. 

On  the  strength  of  these  records  this  species  will  be  classed 
as  resident  in  C!olorado. 

Page   96.      616a.      PInicola  enucleator  montana.      Rocky 
Mountain  Pine  Grosbeak. 
Breeds  at  Breckenridge. 

Page  96.     618.     Carpodacus  casslnl.    Cassin's  Purple  Finch. 
An  abundant  breeder  at  Breckenridge.      Mr.  Carter  once 
found  a  male  in  immature  plumage  breeding  with   a  mature 
female. 

Page  97.      521a.       Loxia  curvirostra  strlcklandh       Mexican 

Crossbill. 

A  female  or  young-of-the-year  male  was  seen  by  the  present 
writer  at  Lamar,  July  15, 1898.  It  seemed  in  perfect  health  and 
was  probably  an  accidental  wanderer  who  found  himself  here  on 
the  plains,  one  hundred  and  fifty  miles  east  of  the  foothills. 
Breeds  at  Breckenridge. 

Page   97.      524.       Leucostlcte  tephrocotls.       Gray-crowned 

Leucosticte. 
Page  98.      524a.      Leucostlcte  tephrocotis  llttoralls.      Hep- 
burn's Leucosticte. 
Page    98.       526.       Leucostlcte    australls.       Brown-capped 

Leucosticte. 
Page  98.     528.    Acanthls  llnaria.     Redpoll. 

All  four  of  these  species  have  been  taken  in  migration  at 
Breckenridge  by  Mr.  Carter,  while  the  Brown-capped  Leucosticte 
is  an  abundant  breeder  on  the  mountain  tops  above  Brecken- 
ridge. 

Page  98.     229.    Astragallnus  tristls.      American  Goldfin  ch 
Mr.  Carter  considers  this  a  rare  bird  at  Breckenridge,  where 
he  has  seen  it  only  in  migration. 

Page  99.    Add.   529a.  Astragallnus  tristls  pallldus.   Western 

Goldfinch. 

Migratory ;  probably  common.  It  is  undoubtedly  a  summer 
resident,  but  until  this  fact  is  definitely  ascertained  it  will  be 
classed  among  the  migrants  according  to  the  present  record. 
Added  to  Colorado  birds  by  Mr.  C.  E.  Aiken,  who  writes : 

^  Digitized  by  Google 


BIRDS  OF  COLORADO.  213 

"This  paler  Western  Gold6nch  occurs  in  Colorado  as  well  as 
the  typical  eastern  form  to  which  all  have  heretofore  been  re- 
ferred. I  am  not  able  at  present  to  define  their  relative  range  or 
abundance  with  certainty.  PaUidus  is  an  early  spring  migrant 
along  the  eastern  base  of  the  mountains,  and  quite  likely  may  be 
the  alpine  breeder.  Tristis  probably  is  a  summer  visitor  from 
the  southeast,  occupying  the  plains  to  the  base  of  the  mountains. 
I  have  obtained  both  forms  at  Colorado  Springs,  and  tristis  one 
hundred  miles  eastward.  Examples  of  both  forms,  which  I 
recently  sent  to  the  American  Museum  of  Natural  History,  have 
been  kindly  identified  by  Mr.  Chapman  with  the  concurrence  of 
Dr.  Allen." 

Page  99.    530.    Astragallnus  psaltrla.    Arkansas  Goldfinch. 
Mr.   Wm.   Cross  found   this  form   breeding  at  Glenwood 
Springs  during  the  summer  of  1898.    Mr.  Aiken  saw  a  very  early 
flock  at  Colorado  Springs  May  13,  1898. 

Page  99.     530a.     Astragallnus  psaltrfa  arlzonae.     Arizona 

Goldfinch. 

Found  by  Mr.  Wm.  Cross  breeding  at  Glenwood  Springs 
during  the  summer  of  1898.  This  is  the  most  northwestern 
record  in  Colorado. 

Page  99.   Add.   530b.  Astragallnus  psaltrla  mexicanus.   Mex- 
ican Goldfinch. 

One  taken  by  Mr,  A.  T.  Allen  in  Denver  and  identified  by 
Prof.  J.  A.  Allen.  There  is  also  one  in  Mr.  C.  E.  Aiken's  collec- 
tion taken  near  Colorado  Springs.  Near  Trinidad,  in  June,  1898, 
the  present  writer  is  very  sure  that  he  saw  two  of  them,  though 
he  failed  to  secure  either  of  them.  The  species  is  entered  as  seen 
in  summer  but  not  knoWn  to  breed.  This  is  according  to  the 
present  record,  but  it  is  with  the  belief  that  the  species  occurs  at 
Trinidad  as  a  regular  summer  resident. 

Page  99.    533.    Splnus  pinus.     Pine  Siskin. 

One  of  the  few  nests  ever  found  on  the  plains  is  the  one 
taken  by  Mr.  F.  M.  Dille  in  the  outskirts  of  Denver  during  the 
summer  of  1898.     Mr.  Carter  has  taken  it  at  Breckenridge. 

Page    99.       000.       Passer  domestlcus.       European    House 

Sparrow. 

Miss  Myra  Eggleston  reports  that  they  i  cached  Grand 
Junction  during  the  fall  of  1899,  a  fiock  of  a  dozen  being  seen. 
This  is  the  first  record  for  Colorado  west  of  the  range,  and  there 
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is  nothiug  to  indicate  whether  these  birds  reached  Grand 
Junction  from  eastern  Colorado  or  have  come  eastward  from 
Utah.  The  distance  is  less  from  where  they  occur  in  Utah,  and 
the  mountain  passes  much  lower. 

Page  100.    534.     Passerina  nivalis.     Snowflake. 

Mr.  Carter  took  one  December  28,  1894,  between  Brecken- 
ridge  and  Middle  Park  at  about  8,000  feet. 

Page  100.    536a.    Calcarius  lapponicus  alascensis.    Alaskan 

LONGSPUR. 

This  is  the  new  name  for  the  form  of  the  Lapland  Longspur 
that  occurs  in  Colorado.  It  was  seen  but  once  by  Mr.  Carter  at 
Breckenridee,  where  he  took  one,  March  21,  1894,  in  the  midst 
of  a  snowstorm.  One  has  been  seen  by  Mr.  Baker  in  the  Wet 
Mountain  valley  at  over  8,000  feet. 

Page  101.     540a.      Pooecetes  gramineus  confinis.      Western 

Vesper  Sparrow. 
Page  101.     542b.    Ammodramus  sandwichensis  alaudinus. 

Western  Savanna  Sparrow. 
Both  breed  at  Breckenridge. 

Page  102.     Add.     548.    Ammodramus  leconteii.     LeConte's 

Sparrow. 

The  rarest  find  in  the  Carter  collection  is  a  specimen  of  this 
Sparrow,  taken  at  Breckenridge  October  24,  1886.  This  is  the 
first  record  for  Colorado,  and  its  occurrence  in  the  mountains 
three  hundred  miles  west  of  its  usual  prairie  home  is  of  course 
accidental.  This  is  the  only  record  in  the  United  States  west  of 
the  main  range,  except  the  one  noted  by  Merrill,  Auk,  XV.  1898, 
p.  16^  taken  in  Idaho.  Though  Merrill's  bird  was  reported  first, 
Carter's  was  taken  many  years  the  earlier. 

Page  102.     552a.     Chondestes  grammacus  strigatus.     West- 
ern Lark  Sparrow, 
Breeds  at  Breckenridge. 

Page  102.     553.     Zonotrichia  querula.     Harris's  Sparrow. 

The  Fecond  record  for  Colorado  of  this  bird  is  the  one  seen 
by  the  present  writer  at  Holly,  May  10,  1^98.  It  was  migrating 
in  company  with  White-crowned  Sparrows. 

Page  102.     554.     Zonotrichia  leucophrys*     White-crowned 
Sparrow. 


Breeds  at  Breckenridge. 
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Page  103.     559a.      Spizella  monticola  ochracea.     Western 
Tree  Sparrow. 
Occuis  at  Breckenridge  in  migration. 

Page    103.       560a.       Spizella  soclalls  arlzonae.       Western 
Chipping  Sparrow. 
Breeds  at  Breckenridge. 

Page  104.     Add.     [563a.      Spizella   pusilla  arenacea.      Western  Field 

Sparrow. 

"Great  Plains,  from  Texas  to  Montana  and  Dakota.*'— (A.  O.  U.)  A 
common  summer  resident  of  Kansas  and  Nebraska.  Undoubtedly  occurs  on 
the  plains  of  extreme  eastern  Colorado,  but  has  not  yet  been  reported.] 

Page  104.    566.    Junco  alkenl.     White  winged  Junco. 

Page  105.    567b.     Junco  hyemalls  connectens.      Shufeldt's 

Junco. 

Both  taken  at  Breckenridge  in  migration. 

Page  105.  Add.  567.1.  Junco  montanus.  Montana  Junco. 
This  new  form  was  recently  described  by  Mr.  Ridgway,  who 
writes :  "In  our  somewhat  extensive  series  of  Junco  montanus,  I 
find  only  one  specimen  from  Colorado.  This  is  a  female,  No. 
109,943,  U.  S.  N.  M.,  collected  at  Pueblo,  October  29,  1886,  by 
C.  W.  Beckham.  There  are  several  examples  from  New  Mexico 
and  Arizona ;  all  fall  and  winter  birds."  Mr.  C.  E.  Aiken  took 
this  form  at  Ramah  in  February,  1899.  He  also  has  several 
specimens  in  his  collection  taken  March  2,  March  27  and 
October  25.  The  species  therefore  stands  in  the  Colorado  list  as : 
Winter  visitant,  not  uncommon ;  arrives  the  last  of  October  and 
remains  until  late  in  March. 

Page  105.    569.    Junco  canlceps.     Gray-headed  Junco. 

Breeds  abundantly  at  Breckenridge,  and  in  1898  one 
nested  under  the  eaves  of  Mr.  Carter's  house.  A  very  late 
record  for  the  plains  was  one  taken  by  Mr.  C.  E.  Aiken  at  Limon 
on  May  25,  1899. 

Page  106.    573a.    Amphlsplza  blllneata  desertlcola.    Desert. 

Sparrow. 

This  is  the  name  now  given  to  the  bird  that  was  formerly 
entered  as  the  Black-throated  Sparrow.  Mr.  P.  L.  Jones  reports 
finding  a  nest  with  young  near  Canon  City  in  1888.  This  is  the 
only  time  he  saw  the  bird  there  in  five  years'  residence. 

Page  106.    Add.    [578.     Peucaea  cassini.     Cassin*s  Sparrow. 

"Central  and  western  Kansas,  southward  and  westward  through  Texas, 
New  Mexico,  Arizona  and  southern  Nevada." — (A.  O.  U.)    It  would  be  difficult 
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to  have  any  bird  a  rather  common  summer  resident  over  the  western  half 
of  Kansas,  also  common  in  New  •Mexico  at  the  same  season,  and  not  have  it 
occur  in  southeastern  Colorado.  But  up  to  the  present  time  no  one  has  found 
it  in  this  State.] 

Page  107.     581b.     Melosplza  fasclata  montana.     Mountain 

Song  Sparrow. 

Mr.  Carter  has  taken  it  at  Breckenridge  only  in  migration. 
On  the  Blue  river,  at  7,500  feet,  he  took  the  nest  and  eggs  July 
5,  1877.     He  has  never  known  it  to  nest  above  8,Q00  feet. 

Page  107.    583.     Melosplza  llncolni.     Lincoln's  Sparrow. 
Breeds  at  Breckenridge. 

Page  107.      585c.       Passerella    Hlaca    schistacea.      Slate- 
colored  Sparrow. 

A  mounted  specimen  in  Mr.  Carter's  collection  was  taken 
near  the  mouth  of  the  Blue  river  in  Grand  county,  July  5,  1877, 
at  nearly  7,000  feet.  This  is  one  more  summer  record  for  Colo- 
rado, and  the  highest  altitude  at  which  it  has  yet  been  reported. 

Page  108.      588a.      Pipllo  maculatus  megalonyx.    Spurred 

TOWHEE. 

Mr.  Blanchard  has  found  some  eggs  at  Boulder  as  early  as 
May  10.  Mr.  Carter  has  found  it  breeding  nearly  to  Brecken- 
ridge. 

Page  108.    592.1.    Oreospiza  chlorura.  Green-tailed  Towhee. 

This  is  the  new  number  given  to  this  species,  hence  it 
should  come  just  after  Abert's  Towhee. 

Mr.  Carter  has  found  it  breeding  as  far  up  as  Dillon,  at 
9,000  feet. 

Page  108.    596.    Zamelodia  melanocephala.     Blackheaded 

Grosbeak. 

Found  by  Mr.  Carter  breeding  in  Middle  Park  and  on  the 
Blue  river  up  to  8,500  feet. 

Page  109.    597a.     Guiraca  caerulea  lazula.      Western  Blub 
Grosbeak. 

Page  109.     598.     Cyanosplza  cyanea.     Indigo  Bunting. 

Mr.  Wm.  Link  saw  several  at  Fort  Collins  about  the  middle 
of  May,  1900.  One  was  taken  and  is  now  mounted.  They 
stayed  round  the  premises  for  several  days,  and  Mr.  Link 
thought  he  saw  tliree  of  them  again  in  his  yard  May  30.  This 
is  the  third  record  for  Colorado. 
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Page  109.     599.     Cyanospiza  amoena.     Lazuli  Bunting. 

Mr.  Carter  has  not  found  it  breeding  higher  than  Middle 
Park. 

Page  109.     604.    Spiza  americana.     Dickcissbl. 

Mr.  P.  L.  Jones  of  Beulah,  reports  finding  the  nest  and  eggs 
at  Canon  City  in  1890.  He  saw  the  birds  there  during  several 
years. 

Page  109.      605.     Calamosplza  melanocorys.      Lark  Bunt- 
ing. 
Found  by  Mr.  Carter  breeding  at  Dillon  at  9,000  feet 

Page  110.     607.     Piranga  ludovlciana.     Louisiana  Tanagbr. 
Breeds  at  Breckenridge. 

Page  110.     608.     Piranga  erythromelas.     Scarlet  Tanager. 
One  was  reported  to  Mr.  C.  E.  Aiken  as  seen  at  Limon  in 
May,  1899. 

Page  110.    611.     Progne  subis.     Purple  Martin. 

Miss  Myra  Eggleston  writes  that  Purple  Martins  are  common 
at  Grand  Junction,  but  do  not  breed  in  town,  preferring  the  banks 
of  the  river  not  far  distant. 

Page  110.     612.     Petrochelidon  lunlfrons.     Cliff  Swallow. 
Page  111.     613.     HIrundo  erythrogaster.     Barn  Swallow. 
Page  111.     614.    Tachycineta  bicolor.     Tree  Swallow. 

Page   111.      616.      Tachycineta  thalassina.       Violet-green 

Swallow. 

All  these  four  breed  in  the  mountains,  though  Mr.  Carter 
has  never  seen  the  Tree  Swallow  breeding  quite  as  high  as 
Breckenridge,  where  the  others  are  common. 

Page  111.    618.    Ampalls  garrulus.    Bohemian  Waxwing. 
Seen  at  Breckenridge  in  winter. 

Page  112.    621.    Lanlus  borMlls.    Northbhn  Shrike. 

Page  112.  622a.   Latiius  luclovlclanus  McubitorldM.   White- 
BUMPEP  Shrike. 

Both  of  these  have  been  taken  by  Mr.  Carter,  either  at  or 
near  Breckenridge. 
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Page  112.    624.    Vireo  olivaceus.     Red-eyed  Vireo. 

The  Bond  collection  at  Cheyenne,  Wyoming,  contains  a 
specimen  taken  there  May  26,  1889,  and  Rev.  F.  N.  White  saw 
one  there  May  20,  1899. 

Page  112.    627.    Vireo  gilvus.     Warbling  Vireo. 

Page  112.     629b.     Vireo  solltarlus  plumbeus.      Plumbeous 
Vireo. 
Both  these  species  breed  at  Breckenridge. 

Page  112.    Add.    [630.    Vireo  atricapillus.     Black-cafpbd  Vibbo. 

"Central  and  western  Texas,  from  the  Rio  Grande  north  to  south- 
western Kansas."— (A.  O.  U.)  Should  be  found  along  the  Cimarron  river  in 
southeastern  Colorado.] 

Page  112.    Add.    [631.    Vireo  noveboracensis.     Whitb-etbd  Vibbo. 

"Eastern  United  States,  west  to  the  Rocky  Mountains."— (A.  O.  U.)  This 
should  include  Colorado,  but  there  is  no  record  known  to  the  present  writer 
from  this  State.] 

Page  112.    Add.    [6a3.    Vireo  bcliii.     Bbll*s  Vibbo. 

"Upper  Mississippi  valley  and  Great  Plains."— (A.  O.  U.)  "Prom 
Illinois  and  Minnesota  west  to  the  eastern  base  of  the  Rocky  Mountains."— 
(Goss.)  "Inhabits  the  middle  parts  of  the  United  States,  from  Illinois  and 
Minnesota  west  to  the  foothills." — (Lantz.) 

One  would  suppose  from  these  statements  that  it  was  not  uncommon  in 
Colorado,  and  possibly  it  is  not,  but  there  is  no  record  for  it  here  up  to  the 
present  time.J 

Page    113.       644.       Helminthophila  virginlae.       Virginia's 

Warbler. 

Taken  by  Mr.  Carter  in  both  Middle  and  South  Parks, 
where  it  breeds.  Also  taken  by  Mr.  C.  E.  Aiken  in  May,  1899, 
at  Limon,  far  out  on  the  plains. 

Page  113.      647.      Helminthophila   peregrlna.      Tennessee 

Warbler. 

There  is  one  in  the  Bond  collection,  taken  at  Cheyenne, 
Wyoming,  May  24,  1888. 

One  was  taken  by  Mr.  C.  E.  Aiken  near  Limon  in  May, 
1899. 

Page     114.       648.       Compsothlypls  americana.       Parula 

Warbler. 

The  known  northern  range  of  this  species  is  extended  nearly 
two  hundred  miles  by  a  specimen  taken  at  Cheyenne,  Wyoming, 
May  30,  1888,  and  now  in  the  Bond  collection. 

Page  114.     652.     Dendroica  aestlra.     Yellow  Warbler. 
Breeds  in  Middle  Park  and  at  Breckenridge. 


42 

Digitized  by 


Google 


BIRDS  OF   COLORADO.  219 

Page  115.     656.     Dendroica  auduboni.    Audubon's  Warbler. 
Breeds  at  Breckenridge. 

Page  115.     661.      Dendroica  striata.      Black-poll  Warblbr. 
There  is  a  specimen  taken   by   Mr.   Bond   at  Cheyenne, 
Wyoming,  May   11,  1888,  and  Rev.  F.  N.  White  saw  one  there 
May  15,  1899. 

Page  116.     668.      Dendroica  townsendi.      Townsbnd's  War- 
blbr. 
A  young  male  was  taken  at  Cheyenne,  Wyoming,  and  is 

now  in  the  Bond  collection. 

Page  116.    674.    Seiurus  aurocapillus.     Oven-bird. 

On  June  5,  1898,  Mr.  C.  E.  Aiken  shot  at  Ramah  a  female 
with  ovaries  so  extended  that  there  seemed  no  doubt  of  its  breed- 
ing. On  the  strength  of  this  record  the  bird  is  included  among 
the  Colorado  breeders. 

Page  116.     675a.    Seiurus  noveboracensis  notabiiis.      Grin- 
nell's  Water-Thrush. 
One  in  the  Bond  collection  at  Cheyenne,  Wyoming. 

Page   116.      Add.      678.      Geothlypis  agilis.       Conmbcticut 

Warbler. 

Migratory ;  rare  or  accidental.  The  first  and  only  record 
for  Colorado  is  the  one  taken  by  Mr.  C.  E.  Aiken,  who  writes  : 

"On  May  24,  1899,  I  shot  a  male  in  a  clump  of  willows 
bordering  a  water  hole  at  Lake,  Lincoln  county,  about  one  hun- 
dred miles  northeast  of  Colorado  Springs.  This  unexpected 
capture  adds  an  interesting  eastern  bird  to  the  fauna  of  Colorado, 
and  extends  the  known  range  of  the  species  several  hundred 
miles  to  the  westward." 

Page  116.     680.    Geothlypis  toimlel.      Macgillivray's  War- 
bler. 
Breeds  in  Middle  Park,  according  to  Mr.  Carter. 

Page   117.      Add.      681.      Geothlypis  trichas.       Maryland 

Yellow-throat. 

One  taken  by  Mr.  C.  E.  Aiken  at  Colorado  Springs,  May  31, 
1898,  and  identified  by  Mr.  Ridgway.  This  is  the  eastern  form, 
rarely  coming  west  to  the  plains.  ^  . 
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Page  117.    681a.    Geothlypis  trichas  occldentalls.    Western 

Yellow-throat. 

One  was  seen  May  8,  1898,  by  Mr.  L.  B.  Gilmore  at  Sweet- 
water Lake  at  8,000  feet. 

Mr.  Carter  has  found  it  breeding  at  Dillon  at  9,000  feet. 

Page  117.    685.    Wllsonia  pusllla.     Wilson's  Warbler. 

Page  117.      685a.      Wllsonia  pusllla  pileolata.      Pileolatbd 

Warbler. 

Its  occurrence  in  Colorado  will  now  be  changed  to :  Summer 
resident ;  not  uncommon. 

There  is  in  the  Carter  collection  a  specimen,  quite  typical, 
that  was  taken  with  nest  and  eggs  at  the  eastern  side  of  South 
Park,  July  3,  1878.  Mr.  C.  E.  Aiken  believes  that  this  form  is 
fully  as  common  in  Colorado  as  the  eastern  pusilla. 

Page   118.      Add.      686.      Wllsonia  canadensis.      Canadian 

Warbler. 

Migratory ;  rare  or  accidental.  Added  to  the  Colorado  list 
by  Mr.  C.  E.  Aiken  in  the  following  note : 

"The  range  of  this  species  is  extended  westward  nearly  to 
the  Rocky  Mountain  range  by  my  capture  of  a  male  at  Lake, 
Lincoln  county.  May  23, 1899. 

Page  118.    678.    Setophaga  rutlcllla.      American  Redstart. 

Breeds  in  Middle  Park.  The  foregoing  records  show  that  of 
the  twenty -nine  Warblers  known  to  occur  in  Colorado,  but  three 
have  been  taken  breeding  at  Breckenridge  by  Mr.  Carter,  show- 
ing how  few  of  these  birds  go  up  into  the  high  mountains. 

There  are  twenty-five  Warblers  given  in  the  last  edition  of 
the  A.  0.  U.  Check  List  whose  range  is  said  to  be  "Eastern 
United  States"  or  ^'Eastern  United  States  to  the  Plains,"  thus  not 
including  Colorado  in  their  habitat.  These  have  all  been  taken 
in  Kansas,  and  eleven  of  them  have  been  found  in  Colorado. 
Since  these  eleven  include  several  that  would  have  been  con- 
sidered as  little  likely  as  any  to  be  found  in  this  State,  we  may 
expect  that  sooner  or  later  most  of  the  other  fourteen  will  be 
noted  in  Colorado.  Those  not  yet  found  here  are  Protonotaria 
dtrea,  Hdmitherus  vermivoruSy  HelminthophUa  pinus,  Hdmin- 
thophUa  ruficapilla,  Dendrtnca  pensylvanicay  Dendroica  blackbumissy 
Dendroica  dominica  (dbUora,  Dendroica  virens,  Dendroica  vigorsiiy 
Dendroica  discolor^  Seiurua  motaciUay  Geothlypis  formosay  Geoth- 
lypis Philadelphia,  and  Wilsonia  miirata. 
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Page  118.    Add.    [700.    Anthus  spraguell.    Spbague^s  Pipit. 

It  seems  strange  that  there  is  no  record  of  this  bird  for  Colorado,  when 
there  are  three  specimens  in  the  Bond  collection,  taken  at  Cheyenne,  Wyom- 
ing, April  24, 1888,  and  it  was  undoubtedly  seen  there  by  Rev.  F.  N.  White, 
April  29,  1899.  It  is  unreasonable  not  to  suppose  that  these  birds  crossed 
Colorado  to  reach  Cheyenne.  Moreover  they  are  said  to  be:  "Rare  in  eastern 
Kansas,  common  in  the  western  part  of  the  State.'* — (Lantz.)  It  is  practically 
certain  then  that  they  occur  in  eastern  Colorado,  and  that  before  long  some 
one  will  find  them  there.] 

Page  118.    701.    Clnclus  mexicanus.    American  Dipper. 

Mr.  Blauchard  has  taken  nests  on  Boulder  Creek  four  miles 
above  Boulder  at  about  6,500.  Two  sets  were  taken,  May  6 
and  May  12, 1898.  All  the  sets  he  ever  found  in  that  locality 
were  between  May  1  and  May  15.  It  is  thus  evident  that  these 
birds  at  the  lower  altitude  nested  earlier  than  is  customary  at 
the  usual  altitude. 

Mr.  Carter  found  the  Dipper  breeding  at  Breckenridge. 

Page  119.     702.    Oroscoptes  montanus.    Sage  Thrasher. 

Mr.  Carter  has  found  thera  at  Dillon  at  9,000  feet,  but  does 
not  know  of  their  breeding  higher  than  Middle  Park. 

Page  119.     703.     MImus  polyglottos.     Mockingbird. 

The  present  writer  saw  two  at  the  San  Luis  Lakes  and  one 
at  La  Jara  on  June  17  and  18,  1898.  Mr.  D.  E.  Newcomb  of  La 
Jara  says  that  some  years  he  sees  them  several  times ;  other  years 
they  are  absent.  Miss  Myra  Eggleston  reports  them  as  breeding 
at  Grand  Junction.  This  completes  the  record  for  the  whole 
southern  half  of  Colorado,  from  Kansas  to  Utah. 

There  is  one  in  the  Carter  collection,  taken  at  Breckenridge 
August  12,  1891.  This  is  1,500  feet  higher  than  any  previous 
record,  and  was  undoubtedly  a  wanderer. 

Page  119.     704.     Galeoscoptes  carollnensis.     Catbird. 

The  date  of  nesting  should  read  the  latter  part  of  May, 
instead  of  June. 

Mr.  Carter  reports  it  as  a  rare  breeder  in  Middle  Park. 

Page  120.     715.     Salplnctes  obsoletus.     Rock  Wren. 
Breeds  at  Breckenridge. 

Page  120.    719b.    Thryomanes  bewickli  Jeucogaster.    Baird's 
Wren. 

Page   120.       721b.      Troglodytes  aedon  aztecus.      Western 
House  Wren. 
Breeds  at  Breckenridge. 
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Page  121.     722.    Anorthura   hiemalis.     Winter  Wren. 

One  taken  by  Dr.  W.  H.  Bergtold  in  Denver,  July  8,  1896. 
This  is  the  lowest  summer  record. 

Page  121.    Add.   [724.    CIstothorus  stellaris.    Shobt  billbd  Mabsh  Wbbn. 
One  in  the  Bond  collection,  taken  at  Cheyenne,  Wyoming,  April  14, 
1889.] 

Page  121.     725c.     CIstothorus  palustrls  pleslus.      Western 
Marsh  Wren. 
Known  by  Mr.  Carter  to  breed  in  South  Park. 

Page  121.  726b.  Certhia  famlliaris  montana.  Rocky 
Mountain  Creeper. 

Page  122.  727a.  Sitta  carollnensis  aculeata.  Slendbk- 
BiLLED  Nuthatch. 

Page  122.  728.  Sitta  canadensis.  Red-breasted  Nut- 
hatch. 

Page  122.     730.    Sitta  pygmaea.     Pygmy  Nuthatch. 

Page  122.  735a.  Parus  atricaplllus  septentrlonalis.  Long- 
tailed  Chickadee. 

Page  123.     738.     Parus  gambeli.     Mountain  Chickadee. 

These  last  six  species  are  ell  common  birds  of  the  mountains 
and  have  all  been  taken  by  Mr.  Carter  at  Breckenridge.  The 
prasent  writer  found  the  Mountain  Chickadee  common  and 
evidently  breeding  at  Trinidad,  June  15,  1898.  This  is  only 
6,000  feet,  much  lower  than  this  species  usually  nests. 

Page   123.      744.       Psaltrlparus  plumbeus.       Lead-colored 

Bush-Tit. 

During  the  summer  of  1897  Capt.  D.  P.  Ingraham  took 
three  sets  of  eggs  near  Beulah.  Mr.  C.  E.  Aiken  has  seen  them 
occasionally  in  large  flocks  in  winter  in  the  foothills  northeast  of 
Canon  City.  He  took  a  nest  and  five  fresh  eggs  there  May  9, 
187G.  Mr.  Wm.  Cross  took  the  nest  and  six  eggs  at  Glenwood 
Springs  during  the  summer  of  1898. 

Page  123.     749.     Regulus  calendula.      Rubycrowned  King- 
let. 
A  nest  and  seven  eggs  have  been  presented  to  the  State 

Historical  and  Natural  History  Society  of  Denver,  that  were 

taken  by  Mr.  Evan  Lewis  at  Bos  well,  near  Twin  Lakes,  June  12, 

1898,  at  an  elevation  of  11,000  feet. 

The  lowest  Mr.  Carter  has  ever  known  of  their  nesting  was 

at  7,000  feet,  in  Middle  Park. 
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Page  124.     754.     Myadestes  townsendll.      Townsend's  Soli- 
taire. 
Breeds  above  timber  line  near  Breckenridge. 

Page  124.     756a.    Hyloclchia  fuscescens  saliclcola.    Willow 
Thrush. 

Page   124.      758a.      Hylocichla  ustulata  swalnsoni.      Olive- 
backed  Thrush. 

Page  125.     759.     Hylocichla  aonalaschkae.     Dwarf  Hermit 

Thrush. 

One  taken  by  Mr.  C.  E.  Aiken  during  the  season  of  1898, 
and  three  during  the  spring  of  1899. 

Page    125.       759a.       Hylocichla    aonalaschkae    audubonl. 

Audubon's  Hermit  Thrush. 
Breeds  at  Breckenridge. 

Page  125.    759b.    Hylocichla  aonalaschkae  pallasii.    Hermit 
Thrush. 

Page  126.     761a.      Merula  migratoria  propinqua.      Western 
Robin. 
Breeds  at  Breckenridge. 

Page  126.    766.    Sialia  sialis.     Bluebird. 

Mr.   Bond   says  that  the   Eastern   Bluebird  is  a   regular 
summer  visitant  to  the  City  Park  in  Choyenne,  Wyoming. 

Page  126.     767a.     Sialia  mexicana  bairdi.     Chestnut-backed 

Bluebird. 

Mr.  Carter  has  found  it  breeding  in  South  Park,  but  never 
as  high  as  Breckenridge. 

Page  126.     768.     Sialia  arctica.     Mountain  Bluebird. 
Breeds  at  Breckenridge. 

Page   148.     B,    Species  that  breed  on  the  plains.     Omit 

Helminthophila  peregrina. 
Page  149.     7.     Migrants.     Omit 

Helminthophila  peregrina. 
Page  155.     8.     Gavia  adamsii.     Yellow-billed  Loon. 
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Page  156.    160.    Somaterla  dresserl.    American  Eider. 

Further  research  has  shown  that  the  specimen  mentioned  at 
the  capitol  at  Denver  was  taken  outside  of  Colorado. 

Page  162.    418a.     Phaisnoptllus  nuttallll  nltldus.     Frosted 

Poor  WILL. 

The  two  specimens  taken  by  Mr.  Aiken  have  been  later 
identified  as  true  nuUaUii. 

Page  167.      595.      Zamelodia  iudovlclana.      Rose-breasted 
Grosbeak. 

Page  168.      647.      Helmlnthophlla  peregrlna.      Tennessee 

Warbler. 

This  is  now  withdrawn  from  the  hst  of  Colorado  breeders 
since  Mr.  Aiken  has  satisfied  himself  that  the  record  is  a  mis- 
identification  for  Virginia's  Warbler. 


ADDENDUM. 

While  the  last  pages  of  this  bulletin  are  passing  through 
the  press,  the  AvJs  for  July,  1900,  is  received,  necessitating  the 
following  addition : 

Page  186.    Add.     Aiken,  C.  E.    Seven  New  Birds  for  C!olorado. 

Auk,  XVIL  1900,  p.  298. 

Adds  to  the  Colorado  list,  Qama  arctica,  Ardea  egrettcL,  Symium  nebu- 
lo9um,  AstragaXinus  tristiB  pallidus^  Oeothlypis  agilis,  Oeothlypis  trichas, 
Wilsania  eanctdenn$. 

The  records  of  these  birds  for  Colorado  have  been  given  in 
this  bulletin,  but  since  the  article  in  the  AvJc  was  published  first, 
it  becomes  the  first  record  of  these  birds  for  Colorado,  instead  of 
this  bulletin. 
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Osprey  205. 

Raven  188, 210. 

Redstart  220. 

Sparrow  Hawk  204. 

White-fronted  Goose  196. 

White  Pelican  193. 
americana,  Aythya  183, 195. 

Compsothlypsis  218. 

Fulica  199. 

Mareca  194. 

Recurvirostra  199. 

Spiza  217. 
americanus,  Coccyzus  184. 

Corvus  210. 

dorsalis,  Picoides  186,  207. 

Merganser  194. 

occidentalis,  Coccyzus  207. 

Tympanuchus  182, 185,  202. 
A  mmodranius  leconteii  179, 184, 185, 190, 
214. 

sandwichensis  alaudinus  214. 
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amoena,  CyaDospiza  217. 
Ampelis  garrulus  217. 
Amphispiza  bilineata  desertioola  215. 
Anas  boschas  194. 

fulWgula  maculosa  19i. 

obscura  194. 
Anorthura  hiemalis  222. 
ADser  albifroDS  gambeli  196. 
ADthus  spragueii  181,  221. 
antillarum.  Sterna  193. 
aonalaschkaB  auduboni,  Hylocichla  223. 

Hylocichla  22a 

pallasii,  Hylocichla  223. 
Aquila  chrysaetos  2?4. 
Archibuteo  ferrugineoos  204. 
Arctic  Horned  Owl  206. 
arctica,  Gavia  182, 184, 190, 192,  224. 

Sialia223. 
arcticus,  Bubo  virginianus  184, 206. 
Ardea  candidissima  198. 

egretta  184, 185, 190, 197,  224. 

herodias  197. 

virescens  198. 
Ardetta  ezilia  183, 197. 
arenacea,  Spizella  pusilla  215. 
Arenaria  interpres  201. 
arenicola,  Otocoris  alpestris  186, 209. 
Arizona  Goldfinch  213. 
arizonee,  Astragalinus  psaltria  213. 

Spizella  socialis  215. 
Arkansas  Goldfinch  213. 

Kingbird  209. 
Ash-throated  Flycatcher  209. 
Asio  accipitrinus  205. 

wilsonianus  205. 
Astragalinus  psaltria  213. 
arizona^  213. 

mexicanus  183, 184, 185, 187, 190. 
213. 

tristis  212. 

pallidus  184, 190,  212,  224. 
ater,  Molothrus  211. 
atricapillus,  Accipiter  204. 

septentrionalis,  Parus  222. 

striatulus,  Accipiter  204. 

Vireo  218. 
auduboni,  Dendroica  219. 

Hylocichla  aonalaschkffi  223. 
Audubon's  Hermit  Thrush  223. 


Warbler  219. 
auratus  luteus,  Colaptee  208. 
aurocapillus,  Seiurus  183,  219. 
au&lralis,  Leucosticte  212. 
autumnalis,  Plegadia  184,  190, 196. 
Avocet,  American  199. 
Aythya  affinia  105. 

americana  183, 195. 

marila  196. 

vallisneria  196. 
aztecus,  Troglodytes  SBdon  221. 

bairdi,  Sialia  mexicana  223. 

Tringa  200. 
Baird*s  Sandpiper  200. 

Wren  221. 
Bald  Eagle  204. 
Baldpate  194. 
Band-Uiled  Pigeon  203. 
Barn  Owl  205. 

Swallow  217. 
Barred  Owl  206. 
Barrow's  Golden-eye  195. 
Batchelder's  Woodpecker  207. 
beUii,  Vireo  218. 
Beirs  Vireo  218. 
Belted  Kingfisher  207. 
Belted  Piping  Plover  201. 
bendirei,  Harporhynchus  183, 184. 
bewickii  eremophilus,  Thryomanes  189. 

leucogaster,  Thryomanes  221. 
bicolor,  Tachycineta  217. 
bilineata  deserticola,  Amphispiza  215. 
Bittern,  American  lif7. 

Least  197. 
Black-bellied  Plover  2Q1. 
Blackbird,  Brewer's  211. 

Red-winged  211. 

Yellow  he<ided  211. 
blackburnise,  Dendroica  220. 
Black-capped  Vireo  218. 

-chinned  Hummingbird  208. 
-crowned  Night  Heron  198. 

Duck  194. 

-headed  Grosbeak  216. 
-poll  Warbler  219. 
-throated  Loon  192. 

Vulture  204. 
Bluebird  223. 
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Chestnut-backed  223. 

MouDtain  223. 
Blue  Gooee  196. 

Grosbeak,  Western  216. 

Heron  197. 
-winged  Teal  194. 
BoboUnk  180, 187,  211. 
Bob  white  201. 

Texan  201. 
Bohemian  Waxwing  217. 
Bonaparte's  Gull  193. 
Bonasa  umbellus  umbelloides  20*^. 
borealis  calurus,  Buteo  204. 

Contopus  209. 

Lanius  217. 
boschas,  Anas  194. 
Botaurus  lentiginosus  197. 
Branta  canadensis  196. 

minima  184, 187, 190, 196. 
Brewer's  Blackbird  211. 
Broad-tailed  Hummingbird  208. 
Brown-capped  Leucosticte  212. 

Crane  198. 

Pelican  193. 
Bubo  virginianus  arcticus  184,  206. 
Buff-breasted  Sandpiper  200. 
Buffle-head  196. 
bullocki.  Icterus  211. 
Bullock's  Oriole  211. 
Bunting,  Indigo  216. 

Lark  217. 

Lazuli  217. 
Burrowing  Owl  206. 
Bush-Tit,  Lead-oolored  222. 
Buteo  borealis  calurus  204. 

swainsoni  204. 

Cackling  Goose  196. 
csBrulea  lazula,  Guiraca  216. 
csBruleecens,  Chen  196. 
cafer,  Colaptes  208. 
Calamospiza  melanocorys  217. 
Calcarius  lapponicus  alascensis  189,  214. 
calendula,  Regulus  222. 
California  Cuckoo  207. 

Gull  192. 

Partridge  202. 

Quail  180. 
californianus,  Geococcyx  207. 


californicus,  Colymbus  nigricoUis  191. 

Larusl92. 

Lophortyx  202. 
Calliope  Hummingbird  208. 
calliope,  Stellula  183, 184,  185,  208. 
Callipepla  squamata  182, 183,  202. 
calurus,  Buteo  borealis  204. 
campestris,  Pedioecetes  phasianellus  203. 
Canada  Goose  196. 
canadensis,  Branta  196. 

capitalis,  Perisoreus  210. 

minima,  Branta  184, 187, 190, 196. 

Grus  198. 

Sitto222. 

Wilsonia  184, 185, 190,  220, 224. 
Canadian  Warbler  180, 220. 
candidissima,  Ardea  198. 
caniceps,  Junco  215. 
Canvas-back  195. 
canutus,  Tringa  200. 
capitalis,  Perisoreus  canadensis  210. 
Carolina,  Porzana  199. 
carolinensis  aculeata,  Sitta  222. 

Galeoecoptes  221. 

Nettion  194. 

Pandion  haliaetus  205. 
carolinus,  Melanerpes  208. 
Carpodacus  cassini  212. 
Caspian  Tern  193. 
cassini,  Carpodacus  212. 

PeucsBS  215. 
Casein's  Kingbird  209. 

Purple  Pinch  212. 

Sparrow  215. 
Catbird  221. 
Catharista  urubu  204. 
Centrocercus  urophasianus  203. 
CeophloBUS  pileatus  abieticola  207. 
Certhia  familiaris  montana  222. 
Ceryle  alcyon  207. 
Charitonetta  albeola  183, 195. 
Chaulelasmus  streperus  194. 
Chen  caerulescens  196. 

hyperborea  196. 
nivalis  196. 
Chestnut-backed  Bluebird  223. 
Chickadee,  Long-tailed  222. 

Mountain  223. 
Chipping  Sparrow,  Western  215. 
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chlorara,  Oreospiu  216. 
Chondeetes  grammacus  strigatus  214. 
Chordeiles  virginianus  henryi  206. 
chrysaetos,  Aquila  204. 
CiDclus  mezicaDus  221. 
ciDerascens,  Myiarchus  209. 
CinnamoD  Teal  194. 
circamcincta,  .^EJgialitiB  meloda  201. 
Circus  hudsoDiuB  204. 
CSistothorus  palustris  pleatos  222. 

Btellaris  181,  222. 
citrea,  Protonotaria  220. 
Clangula  islandica  195. 
Clarke's  Nutcracker  188, 210. 
Cliff  SwaUow  217. 
clypeata,  Spatula  194. 
Coccothraustes   veBpertinua   moDtanuB 

182, 183, 211. 
Coccyzus  americanos  184. 

occidentalifl  207. 
Colaptes  auratuB  luteus  208. 

caf  er  206. 
ColinuB  ▼irginianus  20L 

texanuB  201. 
Columba  fasciata  203. 
Columbiana,  Nucifraga  186,  210. 
columbianuB,  Olor  196. 
Colymbus  nigricollis  californicua  19L 
Common  Tern  183. 
CompBothlypis  americana  218. 
condniB,  Pooecetes  gramineos  214. 
connectens,  Junco  hyemalis  215. 
Connecticut  Warbler  180,  219. 
ContopuB  borealiB  209. 

richardflonii  209. 
Cooper's  Hawk  204. 
cooperi,  Accipiter  2U4. 
Coot,  American  199. 
ooraz  sinuatUB,  Corvus  210i 
Cormorant,  Mexican  193. 
CorvuB  americanuB  210. 

corax  sinuatus  210. 

cryptoleucuB  210. 
Cowbird  211. 
Crane,  Little  Brown  19a 

Sandhill  198. 
Creeper,  Rocky  Mountain  222. 
CrosBbill,  Mexican  212. 
Crow,  American  210. 


CrymophiluB  fultcariua  181. 
cryptoleucuB,  Corvus  210. 
Cuckoo,  California  207. 
cucuUatuB,  Lophodyten  194. 
cunicularia  h3rpog8Ba,  Speotyto  206. 
Curlew,  LongbiUed  200. 
curviroetra  Strickland!,  Loxia  212. 
cyanea,  Cyanospiza  216. 
CyanocephaluB  cyanocephaluB  210. 

SoolecophaguB  211. 
Cyanocitta  stelleri  macrolopha  210. 
cyanoptera,  Querquedula  194. 
Cyanospiza  amoena  217. 

cyanea  216. 

Dafila  acute  1V)4. 
deglandi,  Gidemia  195. 
delawarensis,  Larus  192. 
delicate,  Qallinago  188, 199. 
DendragapuB  obBcurus  202. 
Dendroica  SBstiva  218. 

auduboni  219. 

blackbumie  220. 

discolor  220. 

dominica  albilora  220. 

palmarum  184, 185. 

pensylvanica  220. 

striate  219. 

townsendi  219. 

vigorsii  220. 

virens  220. 
desertioola,  Amphispiza  bilineate  215. 
deserticoluB,  Falco  sparverius  179, 182, 

183, 190,  205. 
Desert  Horned  Lark  209. 

Sparrow  215. 
Hawk  205. 
Dickcissel  217. 
difficilis,  Empidonax  209. 
Dipper,  American  221. 
discolor,  Dendroica  220. 
discors,  Querquedula  194. 
Dolichonyx  oryzivorus  211. 
domesticus.  Passer  213. 
dominica  albilora,  Dendroica  220. 
dorsalis,  Picoides  americanus  186, 207. 
Dove,  Mourning  208. 

White-winged  203. 
Downy  Woodpecker  207. 
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dreaseri,  Somateria  182, 184, 224. 
Dryobatee  pubescens  184. 
homorus  207. 
medianus  207. 

villoeus  montanus  186. 
monticola  186,  207. 
Duck,  Black  194. 

Harlequin  196. 

Lesser  Scaup  105. 

MotUed  194. 

Kuddy  196. 

Scaup  195. 

Wood  194. 
Dusky  Grouse  202. 
Dwarf  Hermit  Thrush  223. 

Eagle,  Bald  204. 

Golden  204. 
Eared  Grebe  191.  « 

Ectopistes  migratorius  203. 
Egret,  American  197. 
egretta,  Ardea  184, 185, 190, 197,  224. 
Eider,  American  223. 
elegans,  Ballus  198. 
Empidonaz  difflcilis  209. 

hammondi  183,  209. 

traillii  209. 

wrightii  209. 
enucleator  montana,  Pinicola  212. 
eremophilus,  Thryomanes  bewickii  189. 
Ereunetes  pusillus  200. 
Erismatura  jamaicensis  196. 
erythrocephalus,  Melanerpes  207. 
erythrogaster,  Hirundo  217. 
erythromelas,  Piranga  184, 185,  217. 
erythrorhynchoe,  Pelecanus  193. 
European  House  Sparrow  213. 
Evening  Grosbeak,  Western  211. 
exilis,  Ardetto  183, 197. 
ezcubitorides,  Lanius  ludovicianus  190, 
217. 

Faloo  sparverius  204. 

deserticolus  179,  182,  183,  190, 
205... 
familiaris  montana,  Certhia  222. 
f  asciata,  Columba  203. 

montana,  Meloepiza  216. 
fedoa,  Limosa.200,    


fera,  Meleagris  gallopavo  203w 
ferrugineous,  Archibuteo  204. 
Ferruginous,  Bough-leg  204. 
Field  Sparrow,  Western  215. 
Finch,  Gassings  Purple  212. 
flammeola,  Megascops  206.  ».  . 

Flammulated  Owls  188.  ^ 

Screech  Owl  206. 
flavipes,  Totanus  183, 200.  i 

Flicker,  Northern  206. 

Bed-shafted  208. 
Flycatcher,  Ash-throated  209. 

Hammond's  209. 

Least  180. 

Olive-sided  209. 

Traill's  209. 

Western  209. 

Wright's  209. 
formosa,  Geothljrpis  220. 
forsteri.  Sterna  193. 
Forster's  Tern  193. 
Frosted  Poor-wiU  224. 
Fulica  americana  199. 
fulicarius,  Crymophilus  181. 
fulvigula  maculosa,  Anas  194. 
fuscus,  Pelecanus  181, 193. 
fusceecens   salicicola,   Hylocichla   188, 
22a 

Gadwall  194. 

Galeoscoptee  carolinensis  221. 
Gallinago  delicata  188, 199. 
gallopavo  fera,  Meleagris  203. 

Meleagris  188,  20a 

merriami,  Meleagris  189. 
gambeli,  Anser  albifrons  196. 

Lophortyz  202. 

Parus222. 
Gambel's  Partridge  202. 
garrulus,  Ampelis  217. 
Gavia  adamsii  184, 223. 

arctica  182, 184, 192,  224. 

imber  183, 191. 

lumme  192. 

pacifica  192. 
Geoooccyz  californianus  207. 
georgiana,  Melospiza  183, 184, 185. 
Geothlypis  agilis  184, 185, 190, 219, 224. 

formosa  220. 
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Philadelphia  220. 

tolmiei  219. 

trichas  184, 185, 190,  219, 224. 
occidentalis  220. 
gilvus,  Vireo  218. 
Glaucidium  gnoma  206. 
Glossy  Ibis  196. 

White-faced  187, 197. 
gnoma,  Glaucidium  206. 
Godwit,  Marbled  200. 
Golden  Eagle  204. 

-eye,  Barrow's  195. 
Goldfinch,  American  212. 

Arizona  213. 

Arkansas  213. 

Mexican  213. 

Western  212. 
Goose,  American  White-fronted  196. 

Blue  196. 

Cackling  196. 

Canada  196. 

Greater  Snow  196. 

Lesser  Snow  196. 
Goshawk,  American  204. 

Western  187,  204. 
gramineus  confinis,  Pooecetes  214. 
grammacus  strigatus,  Chondestes  214. 
Gray-crowned  Leucosticte  212. 
-headed  Junco  215. 

Ruffed  Grouse  202. 
Great  Blue  Heron  197. 
Greater  Snow  Goose  196. 

Yellow-legs  200. 
Grebe,  American  Eared  191. 

Pied-biUed  iMl. 

Western  191. 
Green  Heron  198. 

-tailed  Towhee  216. 

-winged  Teal  194. 
Grinneirs  Water-Thrush  219. 
Grosbeak,  Black-headed  216. 

Rocky  Mountain  Pine  212. 

Rose-breasted  224. 

Western  Blue  216. 
Evening  211. 
Grouse,  Dusky  202. 

Gray  Ruffed  202. 

Prairie  Sharp-tailed  203. 

Sage  203. 


Grus,  canadensis  198. 

mezicana  198. 
guarauna,  Plegadis  183, 185, 197. 
Guiraca  cserulea  lazula  216. 
Gull,  Bonaparte's  193. 

California  192. 

Ring-billed  192. 

Sabine's  193. 


Hairy   Woodpecker,  Rocky    Mountain 

207. 
haliaetus  carolinensis,  Pandion  205. 
Haliseetus  leucocephalus  204. 
hammondi,  Empidonaz  183,  209. 
Hammond's  Flycatcher  209. 
Harelda  hy emails  195. 
Harlequin  Duck  1{I5. 
Harporhynchus  bendirei  183, 184. 
Harris's  Sparrow  214. 
Hawk,  American  Sparrow  204. 

Cooper's  204. 

Desert  Sparrow  205. 

Marsh  204. 

Sharp-shinned  204. 

Swainson's  204. 
Helminthophila  peregrina  218,  223, 224. 

pinus  220. 

ruficapilla  220. 

virginise  218. 
Helmitherus  vermivorus  220. 
Helodromas  solitarius  200. 
Hen,  Prairie  202. 

henryi,  Chordeiles  virginianus  208. 
Hepburn's  Leucosticte  212. 
Hermit  Thrush  223. 

Audubon's  223. 
Dwarf  223. 
herodias,  Ardea  197. 
Heron,  Black-crowned  Night  198. 

Great  Blue  197. 

Green  198. 

Snowy  198. 
hiemalis,  Anorthura  222. 
himantopus,  Micropalama  199. 
Hirundo  erythrogaster  217. 

Sterna  181, 193. 
Histrionicus  histrionicus  195. 
homorus,  Dryobates  pubescens  207. 
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Hooded  Merganser  194. 
Horned  Lark,  Desert  209. 

Owl,  Arctic  206. 
House  Sparrow,  European  213. 

Wren,  Western  221. 
hudsonica.  Pica  pica  210. 
hudsonius.  Circus  204. 
Hummingbird,  Black-chinned  206. 

Broad-tailed  206. 

Calliope  206. 

Bufous  206. 
hyemalis  connectens,  Junco  215. 

Harelda  195. 
Hylocichla  aonalaschksB  223. 
auduboni  223. 
palla8ii223. 

fuscescens  salicicola  188,  223. 

ustulata  almsB  189. 

swainsoni  223. 

hyberborea,  Chen  196. 

nivalis,  Chen  196. 
hypqgsBa,  Speotyto  cunicularia  206. 

Ibis,  Qloesy  196. 

Scarlet  187. 

White-faced  Glossy  187, 197. 

Wood  197. 
Icterus  bullocki  211. 
iliaca  schistacea,  Passerella  216. 
imber,  Oavia  183, 191. 
Indigo  Bunting  216. 
inomata,  Symphemia  semipalmata  200. 
interpres,  Arenaria  201. 
islandica,  Clangula  195. 

jamaicensis,  Erismatura  196. 

Porzana  184. 
Jay,  Long-crested  210. 

Pinon  186,  210. 

Rocky  Mountain  210. 
Junco  aikeni  215. 

caniceps  215. 

Gray-headed  215. 

hyemalis  connectens  215. 

montanus  182, 187, 190,  215. 

Shufeldt's  215. 

White-winged  215. 

Killdeer  210. 


Kingbird  209. 

Arkansas  209. 

Cassin's  209. 
Kingfisher,  Belted  207. 
Kinglet,  Ruby-crowned  222. 
King  Rail  198. 
Knot  200. 

Lagopus  leucurus  202. 
Lanius  borealis  217. 

ludovicianus  excubitorides  190. 
lapponicus  alascensis,  Calcarius  189,  214. 
Lark  Bunting  217. 

Desert  Horned  209. 

Sparrow,  Western  214. 
Larus  californicus  192. 

delawarensis  192. 

Philadelphia  182, 19a 
lazula,  Guiraca  csBrula  216. 
Lazuli  Bunting  217. 
Lead-colored  Bush-Tit  222. 
Least  Bittern  197. 

Flycatcher  180. 

Sandpiper  200. 

Tern  193. 
leoonteii,  Ammodramus    179,    184,   185, 

190,  214. 
LeConte's  Sparrow  187,  214. 
lentiginosus,  Botaurus  197. 
Lesser  Scaup  Duck  195. 

Snow  Goose  196. 
Lewis's  Woodpecker  186,  208. 
leucogaster,  Thryomanee  bewickii  221. 
leucocephalus,  Haliseetus  204. 
leucophrys,  Zonotrichia  214. 
leucoptera,  Melopelia  203, 
Leucosticte  australis  212. 

Brown-capped  212. 

Gray-crowned  212. 

Hepburn's  212. 

tephrocotis  212. 
littoralis  212. 
leucurus,  Lagopus  202. 
Limosa  fedoa  200. 
linaria,  Acanthis  212. 

rostrata,  Acanthis  182, 184. 
lincolni,  Melospiza  216. 
Lincoln's  Sparrow  216, 
Little  Brown  Crane  196. 
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littoralis,  Leucoeticte  tephrocotis  212. 
lobatuB,  PhalaropuB  199. 
loculator,  Tantalus  197. 
Long-billed  Curlew  200. 
-crested  Jay  210. 
-eared  Owl  205. 
-tailed  Chickadee  222. 
longiroetris,  Numenius  200. 
Longspur,  Alaskan  189,  214. 
Loon  191. 

Black-throated  192. 

Pacific  192. 

Red-throated  192. 

Yellow-bUled  223. 
liophodytes  cucuUatus  194. 
Lophortyx  californicus  202. 

gambelii  202. 
Louisiana  Tanager  217. 
Lozia  curvirostra  stricklandi  212. 
ludoviciana,  Piranga  217. 

Zamelodia  183, 185,  224. 
ludovicianus  ezcubitorides,  Lanius  190, 

217. 
lumme,  Qavia  192. 
lunifrons,  Petrochelidon  217. 
luteus,  Colaptes  auratus  206. 

Macgillivray*8  Warbler  219. 
macrolopha,  Cyanocitta  stelleri  210. 
macroura,  Zenaidura  203. 
macularia,  Actitis  200. 
maculatus  megalonyz,  Pipilo  216w 
maculosa,  Anas  f  ulvigula  194. 
magna  neglecta,  Stumella  211. 
Magpie,  American  210. 
Mallard  194. 
Marbled  Godwit  200. 
Mareca  americana  194. 
marila,  Aythya  195. 
Marsh  Hawk  204. 

Wren,  Short-billed  222. 

Western  222. 
Martin,  Purple  217. 
Maryland  Yeliow-throat  219. 
medianus,  Dryobates  pubescens  207. 
megalonyz,  Pipilo  maculatus  216. 
Megascops  flammeola  206. 
Meleagris  gallopavo  188, 203. 

f era  203. 


merriami  189. 
Melanerpes  carolinus  206. 

erythrocephalus  207^ 

torquatus  208. 
melanocephala,  Zamelodia  216. 
melanocorys,  Calamoepiza  217. 
melanoleucus,  Aeronautes  206. 

Totanus  200. 
meloda  circumcincta,  JEgiahUB  181, 201. 
Melopelia  leucoptera  203. 
Meloepiza  fasciata  montana  216. 

georgiana  183, 184, 185. 

linoolni  216. 
Merganser,  American  194. 

Hooded  194. 

Red-breasted  194. 

serrator  194. 
merriami,  Meleagris  gallopavo  189. 
Merula  migratoria  propinqua  223. 
Mexican  Cormorant  193. 

Crossbill  212. 

Goldfinch  213. 

Turkey  203. 
mezicana,  Grus  196. 

bairdi,  Sialia  223. 
mexicanus,  Astragalinuspealtria  183, 184, 
185, 187, 190, 213. 

Cindus  221. 

Phalacrocoraz  193. 
Micropalama  himantopus  199. 
migratoria  propinqua,  Merula  223. 
migratorius,  Ectopistes  203. 
Mimus  polyglottos  221. 
minima,  Branta  canadensis  184, 187, 190, 

196. 
minor,  Philohela  182, 183 
minutilla,  Tringa  200. 
mitrata,  Wilsonia  220. 
Mockingbird  187, 221. 
Molothrus  ater  211. 
montana,  iS^alitis  201. 

Certhia  familiaris  222. 

Junco  215. 

Melospiza  fasciata  216. 

Pinicola  enucleator  212. 
montanuB,   Coccothraustes   vesi)ertinuB 
183, 21L 

Junco  182, 187, 190. 

Oroscoptes  221.  _ 
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monticola,  Dryobates  villosus  186, 207. 

ochracea,  Spi2sella  215. 
motacilla,  Seiurus  220. 
Mottled  Duck  194. 
Mountain  Bluebird  223. 

Chickadee  222. 

Plover  201. 

Song  Sparrow  216. 
Mourning  Dove  203. 
Myadestes  townsendii  223. 
Myiarchus  cinerascens  209. 

nsBvius,  Nycticorax  nycticorax  198. 
nebuloBum,  Syrnium  183,  185,  190,  205, 

224. 
neglecta.  Sturnella  magna  211. 
Nettion  carolinensis  194. 
Nighthawk,  Western  206. 
Night  Heron,  Black-crowned  198. 
nigricollis  californicus,  Colymbus  191. 
nitiduB,  Phalsenoptilus  nuttallii  183,  224. 
nivalis,  Chen  hyperborea  196. 

Passerina  214. 
nivosa,  iEgialitis  201. 
Northern  Flicker  208. 

Phalarope  199. 

Pileated  Woodpecker  207. 

Shrike  217. 
notabilis,  Seiurus  noveboracensis  219. 
noveboracensis,  Porzana  199. 

notabilis,  Seiurus  219. 

Vireo  218. 
nuchalis,  Sphyrapicus  varius  207. 
Nucifraga  columbiana  188,  210. 
Numenius  longiroetris  200. 
Nutcracker,  Clarke's  188,  210. 
Nuthatch,  Bed-bellied  180. 

Red-breasted  222. 

Pygmy  222. 

Slender-billed  222. 
nuttallii  nitidus,  Phalaenoptilus  183,  224. 

PhaliBnoptilus  206. 
Nyctala  acadica  205. 

tengmalmi  richardsoni  182,  184,  205. 
Nyctea  nyctea  206. 
Nycticorax  nycticorax  nsBvius  198. 

obscura.  Anas  194. 
obscurus,  Dendragapus  202. 


obsoletus,  Salpinctes  221. 
occidentalis,  JBIchmophorus  191. 

Coccyzus  americanus  207. 

Oeothlypis  trichas  220. 
ochracea,  Spizella  monticola  215. 
Oidemia  perspi  cilia ta  195, 196. 
Old-Squaw  195. 
olivasceus,  Vireo  218. 
Olive-backed  Thrush  22a 
-sided  Flycatcher  209. 
Olor  columbianus  196. 
Oreospiza  chlorura  216. 
Oriole,  Bullock's  211. 
Oroscoptes  montanus221. 
oryzivorus,  Dolichonyx  211. 
Otocoris  alpestris  arenicola  186,  209. 
Oven-bird  219. 
Owl,  American  Barn  205. 
Long-eared  205. 

Arctic  Horned  206. 

Barred  205. 

Burrowing  206. 

Flammulated  188. 
Screech  206. 

Pygmy  206. 

Richardson's  205. 

Saw-whet  205. 

Short-eared  205. 

Snowy  206. 


Pacific  Loon  192. 

pacifica,  Gavia  19'i. 

pallasii,  Hylocichla  aonalaschkse  223. 

pallidus,  Astragalinus  tristis   184,   190, 

212,224. 
palmarum,  Dendroica  184, 185. 
palustris  plesius,  Cistothorus  222. 
Pandion  haliaetus  carolinensis  206. 
Partridge,  California  202. 

Gambel's  202. 

Scaled  202. 
Parula  Warbler  218. 
Parus  atricapillus  septentrionalis  222. 

gambeli  222. 
Passenger  Pigeon  203. 
Passer  domesticus  213. 
Passerella  iliaca  schistacea  216. 
Passerina  nivalis  214. 
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Pediodcetes  phasianellus  campeatris  203* 
Felecanus  erythrorhynchos  193. 

fuscua  181, 1U3. 
Pelican,  American  White  193. 

Brown  193. 
pensylvanica,  I>endroica  220. 
peregrina,  Helmlnthophila  218,  223,  224. 
Perisoreus  canadensis  capitalis  210. 
perspioillata,  Oidemia  196. 
Petrochelidon  lunifrons  217. 
Peucsea  oassini  216. 
Pewee,  Western  Wood  209. 
Phalacrocorax  mexicanus  193. 
PhalsBnoptiluB  nuttallii  208. 

nitidu8l83,224. 
Phalarope,  Northern  199. 

Wilson's  199. 
Phalaropus  lobatus  199. 
phasianellus  campestris,  Pedioecetes  203. 
Phasianus  torquatus  182, 183. 
Philadelphia,  G^thlypis  220. 

Laros  182, 193. 
Philohela  minor  182, 18a 
Phoebe,  Say*s  209. 
phosniceus,  Agelaius  211. 
Pica  pica  hudsonica  210. 
Picoides  americanus  dorsalis  186,  207. 
Pied-billed  Grebe  191. 
Pigeon,  Band-tailed  203. 

Passenger  203. 
Pileated  Woodpecker  207. 
pileatus  abieticola,  Ceophloeus  207. 
pileolata,  Sylvania  pusilla  184. 

Wilsonia  pusilla  179, 183.  220. 
Pileolated  Warbler  220. 
Pine  Grosbeak,  Rocky  Mountain  212. 

Siskin  187, 213. 
Pinicola  enuoleator  montana  212. 
Pinon  Jay  186,  210. 
Pintail  194. 
pinus,  Helmlnthophila  220. 

Spinus  213. 
Pipilo  maculatus  megalonyx  216. 
Piping  Plover,  Belted  201. 
Pipit,  Sprague's  221. 
Piranga  erythromelas  184, 185,  217. 

ludovidana  217. 
platycercus,  Selasphorus  208. 
Plegadis  autumnalis  184, 190, 196. 


guarauna  183, 185, 197. 
plesius,  Cistothorus  palustris  222. 
Plover,  Belted  Piping  201. 

Black-beliied  201. 

Mountain  20L 

Semipalmated  201. 

Snowy  201. 
Plumbeous  Vireo  218. 
plumbeus,  Psaltriparus  222. 

Vireo  solitariua  218. 
podicepe,  Podilymbus  191. 
Podilymbus  podicepe  191. 
polyglottoe,  Mimus  221. 
PooBcetee  gramineus  conOnis  214. 
Poor-will  208. 

Frosted  224. 
Porzana  Carolina  199. 

jamaicensis  184. 

noveboracensis  199. 
pratincola,  Striz  205. 
Prairie  Hen  202. 

Sharp-tailed  Grouse  203. 
Progne  subis  217. 
propinqua,  Morula  migratoria  223. 
Protonotaria  citrea  220. 
psaltria  arizonae,  Astragalinus  213. 

Astragalinus  213. 

mexicanus,   Astragalinus    183,   184, 
185, 187, 190,  213. 
Psaltriparus  plumbeus  222. 
Ptarmigan,  White-tailed  202. 
pubescens,  Dryobates  184. 

homorus,  Dryobates  207. 

medianus,  Dryobates  207. 
Purple  Finch,  Cassin's  212. 

Martin  217. 
pusilla  arenacea,  Spizella  215. 

pileolata,  Sylvania  184. 
Wilsonia  179, 183,  220. 

Wilsonia  220. 
pusillus,  Ereunetes  200. 
pygmsBa,  Sitta  222. 
Pygmy  Owl  206. 

Nuthatch  222. 

Quail,  California  180. 
Querquedula  cyanoptera  194. 

disoors  194. 
querula,  Zonotrichia  214. 
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Rail,  King  198. 
Virginia  198. 
Yellow  199. 
Rallus  elegans  198. 
Raven  180. 

American  188,  210. 
White-necked  210. 
Recurviroetra  americana  199. 
Red-bellied  Nuthatch  180. 

Woodpecker  180,  208. 
-breasted  Merganser  194. 
Nuthatch  222. 
Red-eyed  Vireo  218. 
Redhead  1S5. 
Red-headed  Woodpecker  ^07. 

-uaped  Sapsucker  207. 
RedpoU212. 

Red-shafted  Flicker  208. 
Redstart,  American  220. 
Red-tail,  Western  204. 
-throated  Loon  192. 
-winged  Blackbird  211. 
Regulus  calendula  222. 
richardsoni,  Contopus  209. 

Nyctala  tengmalmi  182,  184,  206. 
Richardson's  Owl  206. 
RiDg-billed  Oull  192. 
Road-runner  207. 
Robin,  Western  22a 
Rock  Wren  221. 
Rocky  Mountain  Creeper  222. 
Hairy  Woodpecker  207. 
Jay  210. 

Pine  Grosbeak  212. 
Rose-breasted  Grosbeak  224. 
rostrata,  Acanthis  linaria  182, 184. 
Rough-leg,  Ferruginous  204. 
Ruby-crowned  Kinglet  222. 
Ruddy  Duck  196. 
Ruffed  Grouse,  Gray  202. 
ruflcapilla,  Helminthophila  220. 
Rufous  Hummingbird  208. 
rufus,  Selasphorus  208. 
ruticilla,  Setophaga  220. 


Sabine's  Gull  193. 
saoinii,  Xema  193w 
Sage  Thrasher  221. 


salicicola,  Hylocichla  f uscescens  188, 223. 
Salpinctes  obsoletus  221. 
SandhiU  Crane  198. 
Sandpiper,  Baird's  200. 

Buff -breasted  200. 

Least  200. 

Semipalmated  200. 

Solitary  200. 

Spotted  200. 

Stilt  199. 
sandwichensis  alaudinus,  Ammodramus 

214. 
Sapsucker,  Red-naped  207. 

Williamson's  207. 
Savanna  Sparrow,  Western  214. 
Saw-whet  Owl  206. 
saya,  Sayornis  209. 
Sayornis  saya  209. 
Say's  Phoebe  209. 
Scaled  Partridge  202. 
Scarlet  Ibis  187. 

Tanager  180,  217. 
Scaup  Duck  196. 

Lesser  196. 
schistacea,  Passerella  iliaca  216, 
Soolecophagus  cyanooephalus  211. 
Scoter,  Surf  196. 

White-winged  196. 
Screech  Owl,  Flammulated  206. 
Seiurus  aurocapillus  183,  219. 

motacilla  220. 

noveboracensis  notabilis  219. 
Selasphorus  platyoercus  208. 

rufus  208. 
semipalmata,  i^ialitis  201. 

inornata,  Symphemia  200. 
Semipalmated  Plover  291. 

Sandpiper  200. 
septentrionalis,  Parus  atricapillus  222. 
serrator,  Merganser  194. 
Setophaga  ruticilla  220. 
Sharp-shinned  Hawk  204. 

-tailed  Grouse,  Prairie  203. 
Short-billed  Marsh  Wren  220. 

-eared  Owl  206. 
ShoveUer  194. 
Shrike,  Northern  217. 

White-rumped  217. 
Shufeldt's  Junco  216. 
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Sialia  arctica  223. 

mexicana  bairdi  223. 

fiialis  223. 
sinuatus,  Corvus  corax  210 
Siskin,  Pine  187,  2ia 
Sitta  canadensis  222. 

carolinensis  aculeata  222. 

pygmada  222. 
Slate-coiored  Sparrow  187,  216. 
Slender-biUed  Nuthatch  222. 
Snipe,  Wilson's  188, 199. 
Snowflake  214. 
Snow  Goose,  Greater  196. 

Lesser  196. 
Snowy  Heron  196. 

Owl  206. 

Plover  201. 
socialis  arizonse,  Spizella  215. 
Solitaire,  Townsend's  223. 
solitarius,  Helodromas  200. 

plumbeuB,  Vireo  218. 
Solitary  Sandpiper  200. 
Somateria  dreeseri  182, 184,  224. 
Song  Sparrow,  Mountain  216. 
Sora  199. 
Sparrow  Hawk,  American  204. 

Desert  205. 
Sparrow,  Cassin's  215. 

Desert  215. 

European  House  213. 

Harris's  214. 

LeConte's  187,  214. 

Lincoln's  216. 

Mountain  Song  216. 

Slate-colored  187,  216. 

Western  Chipping  215. 
Field  215. 
Lark  214. 
Savanna  214. 
Tree  215. 
Vesper  214. 

White-crowned  214. 
Spatula  clypeata  194. 
sparverius  deserticolus,  Falco  179,  182. 
183, 190,  205. 

Falco  204. 
Speotyto  cunicularia  hypogsea  206. 
Sphyrapicus  thyroides  207. 

varius  nuchalis  207. 


Spinus  pin  us  213. 
Spiza  americana  217. 
Spizella  socialis  arizonse  215. 

monticola  ochracea  215. 

pusilla  arenacea  215. 
sponsa,  Aiz  194. 
Spotted  Sandpiper  200. 
spragueii,  Anthus  181, 221. 
Sprague's  Pipit  221. 
Spurred  Towhee  2ia 
squamata,  Callipepla  182, 183,    02. 
Squatarola  squatarola  201. 
Steganopus  tricolor  199. 
stellaris,  Cistothorus  181, 222. 
stelleri  macrolopha,  Cyanocitta  .210. 
SteUula  calliope  183, 184, 185,  208. 
Sterna  antillarum  193. 

forsteri  193. 

hirundo  181, 193. 

tschegrava  193. 
Stilt  Sandpiper  199. 
streperus,  Chaulelasmus  194. 
striata,  Dendroica  219. 
striatulus,  Accipiter  atricapillus  204. 
Strickland!,  Lozia  cu/virostra  212. 
strigatuB,  Chondestes  grammacus  214. 
Striz  pratincola  205. 
Sturnella  magna  neglecta  211. 
subis,  Progne  217. 
BubruficoUis,  Tryngites  200. 
Surf  Scoter  196. 
swainsoni,  Buteo  204. 

Hylocichla  ustulata  223. 
Swainson's  Hawk  204. 
Swallow,  Barn  217. 

Cliflf  217. 

Tree  217. 

Violet-green  217. 
Swan,  Whistling  196. 
Swift,  White-throated  208. 
Sylvania  pusilla  pileolata  184. 
Symphemia  semipalmata  inornata  20O. 
Syrnium  nebulosum  183,  185,  190,  205, 
224. 


Tachycineta  bicolor  217. 

thalassina  217. 
Tanager,  Louisiana  217. 
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Scarlet  180, 217. 
Tantalus  loculator  197. 
Teal,  Blue-winged  194. 

Cinnamon  194. 

Green-winged  194. 
tengmalmi  richardsoni,  Nyctala  182, 184, 

206. 
Tennessee  Warbler  180,  218,  224. 
tephrocotis,  Leucosticte  212. 

littoralis,  Leucosticte  212. 
Tern,  Caspian  19ii, 

Common  193. 

Forster's  193. 

Least  19a 
Texan  Bob-white  201. 
texanus,  Colinus  virginianus  201. 
thalassina,  Tachycineta  217. 
Thrasher,  Sage  221. 
Three-toed  Woodpecker  207. 
Thrush,  Audubon's  Hermit  223. 

Dwarf  Hermit  223. 

Hermit  223. 

Olive-backed  223. 

Willow  223. 
Thryomanes  bewickii  eremophilus  189. 

leucogaster  221. 
thyroides,  Sphyrapicus  207. 
tolmiei,  G^thlypis  219. 
torquatus,  Melanerpes  208. 

Phasianus  182, 18a 
Totanus  flavipes  183, 200. 

melanoleucus  200. 
Towhee,  Green-tailed  216. 

Spurred  216. 
townsendi,  Dendroica  219. 

Myadestes  223. 
Townsend*s  Solitaire  2'2a 

Warbler  219. 
traillii,  Empidonax  209. 
Traill's  Flycatcher  209. 
Tree  Sparrow,  Western  215. 

Swallow  217. 
trichas,  Geothlypis  184, 185, 190, 219,  224. 

occidentalis,  Geothlypis  220. 
tricolor,  Steganopus  199. 
Tringa  bairdii  200. 

canutus  200. 

minutilla  200. 
tristis,  Astragalinus  212. 


pallidus,   Astragalinus  184,  190,  212 
224. 
Trochilus  alexandri  208. 
Troglodytes  aedon  aztecus  221. 
Tryngites  subruflcoUis  200, 
tschegrava.  Sterna  19a 
Turkey,  Mexican  203. 

Wild  203. 
Turnstone  201. 

Tympanuchus  americanus  182.  202. 
Tyrannus  tyrannus  209. 

verticalis  209. 

vocif  erans  209. 


umbelloides,  Bonasa  umbellus  202. 
urophasianus,  Centrocercus  203. 
urubu,  Catharista  204. 
ustulata  swainsoni,  Hylocichla  22a 
almsB,  Hylocichla  189. 


vallisneria,  Aythya  195. 

varius  nuchalis,  Sphyrapicus  207. 

velox,  Accipiter  204. 

vermivorus,  Helmitherus  220. 

verticalis,  Tyrannus  209. 

Vesper  Sparrow,  Western  214. 

vespertinus   montanus,   Cocoothraustes 

182, 183,  211. 
vigorsii,  Dendroica  220. 
villosus  montanus,  Dryobates  186. 

montipola,  Dryobates  186,  207. 
Violet-green  Swallow  217. 
virens,  Dendroica  220. 
Vireo  atricapillus  218. 

beUii  218. 

Bell's  218. 

Black-capped  218. 

gilvus  2ia 

noveboracensis  218. 

olivaceus  218. 

Plumbeous  218. 

Red-eyed  2ia 

Bolitarius  plumbeus  218. 

Warbling  218. 

White-eyed  218. 
virescens,  Ardea  198. 
Virginia  Rail  198. 
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virgioiae,  Helminthophlla  218. 
Tirginianus  arcticus,  Bubo  184,  206. 

Colinus  201. 

henry  i,  Chordeiles  206. 

Rallus  198. 

texanus,  CoUdus  201. 
Virginia's  Warbler  218,  224. 
vocifera,  iSgialitia  201. 
vociferans,  Tyrannus  209. 
Vulture,  Black  204. 


Warbler,  Audubon's  219. 

Black-poll  219. 

Canadian  180, 220. 

Connecticut  180,  219. 

Macgillivray's  2lii 

Parula  218. 

Pileolated  220. 

Tennessee  180,  218.  224. 

Townsend's  219. 

Virginia's  218,  224. 

Wilson's  220. 

YeUow  218. 
Warbling  Vireo  218. 
Water-Thrush,  Grinnell's  219. 
Waxwing,  Bohemian  217. 
Western  Blue  Grosbeak  216. 

Chipping  Sparrow  215. 

Evening  Grosbeak  211. 

Field  Sparrow  215. 

Flycatcher  209. 

Goldfinch  212. 

Goshawk  187. 

Grebe  191. 

House  Wren  221. 

Lark  Sparrow  214. 

Marsh  Wren  222. 

Nighthawk  206. 

Red  tail  204. 

Robin  223. 

Savanna  Sparrow  214. 

Tree  Sparrow  215. 

Vesper  Sparrow  214. 

Willet  200. 

Wood  Pewee  209. 

Yellow-throat  187,  220. 
Whistling  Swan  196. 
White-faced  Glossy  Ibis  187, 1»7. 


-crowned  Sparrow  214. 

-eyed  Vireo  218. 

-necked  Raven  210. 
Pelican  19a 

-rumped  Shrike  217. 

•tailed  Ptarmigan  202. 

-throated  Swift  208. 

-winged  Dove  203. 
Junco  215. 
Scoter  195. 
Wild  Turkey  203. 
Willet,  Western  20O. 
Williamson's  Sapsucker  207. 
Willow  Thrush  223. 
Wilsonia  canadensis  184,  185,  190,  220, 


mitrata  220. 

pudlla  179, 183, 220. 
wilsonianus,  Asio  205. 
Wilson's  Phalarope  199. 

Snipe  188, 199. 

Warbler  220. 
Winter  Wren  222. 
Wood  Duck  194. 

Ibis  197. 

Pewee,  Western  209. 
Woodpecker,  Alpine  Three-toed  207. 

Batchelder's  207. 

Downy  207. 

Lewis's  186,  208. 

Northern  Pileated  207. 

Red-bellied  180, 206. 

Red-headed  207. 

Rocky  Mountain  Hairy  207. 
Wren,  Baird*s  221. 

Short-billed  Marsh  222. 

Western  House  221. 
Marsh  222. 

Winter  222. 
wrightii,  Empidonax  209. 
Wright's  Flycatcher  209. 


Xanthocephalus  xanthocephalus  211. 
Xema  sabinii  193. 


Tellow-billed  Loon  22a 
-headed  Blackbird  211. 
-legs  200. 
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Greater  200. 
Railld9. 
-throat,  Maryland  219. 

Western  187,  220. 
Warbler  218. 


Zamelodia  ludoviciana  183, 185,224. 

melanocephala  216. 
2tenaidura  macroura  203. 
Zonotrichia  leucophrys  214. 

querula  214. 


TEX  OOUSIKB  PBIMTINO  A  FUBLI8HIMO  OOMPAMT, 
FOBT  0OLIJN8«  OOLO. 
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Bulletin  57.  July,  1900. 

The  Agricultural  Experiment  Station 


Agfricultural  College  of  Colorado. 


FARM   NOTES 


Alfalfa,  Corn,  Potatoes  and  Sugar  Beets 
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FARM  NOTES. 


By  W.  W.  COOKE. 

The  following  bulletin  contains  the  records  of  various 
tests  that  have  been  made  on  the  college  farm  during  the 
years  1894  to  1899.  They  are  grouped  under  the  following 
headings: 

I.  Alfalfa. 

a — Losses  in  cutting  and  curing. 

b — Losses  in  the  stack  and  in  the  barn. 

c — Alfalfa  ensilage. 

^— Three  methods  of  handling  alfalfa. 

e — Top-dressing  alfalfa. 

/—Moisture  in  green  alfalfa. 

g — Moisture  in  alfalfa  hay. 

II.  Corn. 

a — Silo  notes. 

^— Seed  corn  from  different  altitudes  and  latitudes. 

c — Variety  tests  of  corn. 

rf— Number  of  stalks  in  a  hill. 

e — Missing  hills  in  a  corn  field. 

III.  Potatoes. 

a — Alfalfa  sod  compared  with  old  land. 
^—Experiments  with  fertilizers. 

IV.  Sugar  Beets. 

a — Subsoiling  for  sugar  beets. 

^— Sugar  beets  in  Colorado  in  1899. 

1.  Time  of  planting. 

2.  Distance  between  rows. 

3.  Irrigating  the  seed. 

4.  Variety  tests. 

5.  Summary. 

Digitized  by  VjOOQIC 


I.    ALFALFA. 


A — LOSSES    IN    CUTTING    AND   CURING. 

Il  has  long  been  known  that  there  was  some  loss  in 
making  alfalfa  hay.  Part  of  this  loss  is  chemical,  arising 
from  the  fermentation  of  the  hay  when  exposed  to  rains 
during  the  curing  process.  The  rest  of  the  loss  is  mechani- 
cal and  consists  of  the  breaking  off  of  the  leaves  and  smaller 
ends  of  the  branches  when  the  alfalfa  is  hauled  after  it 
becomes  dry.  To  overcome  the  latter  loss,  so  far  as  possible, 
it  is  customary  to  rake  the  alfalfa  while  it  is  yet  far  from 
dry,  and,  particularly,  early  in  the  morning  Vv-hile  the  dew- 
still  makes  it  damp  and  pliable.  It  is  also  cocked  while  still 
quite  moist,  and  allowed  to  dry  out  slowly.  Both  these 
methods,  while  saving  the  mechanical  losses,  tend  toward 
the  increasing  of  the  chemical  losses  through   fermentation. 

To  ascertain  the  exact  amount  of  these  losses  several 
experiments  have  been  made  in  different  years. 

In  the.  first  set  of  tests,  the  field  was  divided  into  several 
long  narrow  strips.  The  whole  field  was  cut  at  the  same 
time,  then  every  other  strip  was  gathered  up  at  once, 
weighed  and  three  samples  taken.  The  alternate  plots  were 
made  into  hay  according  to  our  usual  methods.  When 
fully  cured  this  hay  was  brought  to  the  barn,  weighed  and  * 
four  samples  taken.  The  weight  of  the  first  multiplied  by 
the  average  composition  of  the  samples  gives  the  value  of 
the  alfalfa  when  cut;  the  weight  of  the  hay  when  cured, 
multiplied  by  its  average  composition  gives  its  value  after 
curing.  The  supposition  was  made  that  the  alfalfa  left  on 
the  ground  weighed  the  same  and  had  the  same  composition 
as  that  gathered  up.  Since  the  number  of  plots  was  never 
less  than  ten  and  the  size  was  quite  large,  it  is  probable  that 
the  error,  if  any,  was  quite  small. 

Three  tests  were  made  in  this  manner,  and  they  illus« 
trate  the  different  conditions  under  which  alfalfa  hay  is 
cured. 

The  first  cutting  was  made  May  28  and  owing  to  several 
rains  and  considerable  cloudy  weather,  it  was  not  until  June 
1 2  that  the  hay  was  ready  to  go  into  the  barn.     This  hay 
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had  a  hard  time  of  it,  but  no  worse  than  often  happens  to 
the  first  cutting  of  alfalfa,  in  northern  Colorado.  The  plots 
gathered  up  at  once  on  May  28  yielded  at  the  rate  of  16,553 
pounds  of  green  alfalfa  per  acre,  which  contained  23.2  percent 
of  dry  matter  or  3,840  pounds  of  dry  matter  per  acre.  After 
the  fifteen  days  of  hardship  the  final  hay  secured  weighed 
3,302  pounds  per  acre,  with  86.0  per  cent  of  dry  matter  or 

2.839  pounds  of  dry  matter  per  acre.     Thus,  of  the  original 

3.840  pounds  of  dry  matter,  but  2,839  pounds  were  saved, 
showing  a  loss  of  i,oor  pounds  per  acre  or  26.1  per  cent. 

In  the  second  test  the  alfalfa  was  cut  June  21,  raked  and 
cocked  June  23.  and  brought  to  the  barn  June  28,  or  seven 
days  after  cutting.  The  only  moisture  on  this  hay  was  a 
small  rain  and  a  mere  sprinkle,  both  coming  after  the  hay 
was  in  the  cock,  and  neither  enough  so  that  the  hay  had  to 
be  opened  up  to  dry.  This  case  represents  the  ordinary 
good  conditions  of  the  first  crop  of  alfalfa  in  Colorado.  At 
the  time  of  cutting  the  field  yielded  at  the  rate  of  16,258 
pounds  of  alfalfa  per  acre,  containing  30.3  of  dry  matter  or 
4,926  pounds  of  dry  matter  per  acre.  The  hay  put  in  the 
barn  weighed  4,900  pounds  per  acre  and  was  very  dry, 
testing  90.3  per  cent  dry  matter  or  4,425  pounds  of  dry 
matter  per  acre.  In  this  case,  of  the  original  4,926  pounds 
of  dry  matter,  4,425  pounds  were  saved;  a  loss  of  501  pounds 
per  acre  or  a  loss  of  10.  2  per  cent. 

The  third  trial  was  made  in  September,  under  perfect 
weather  conditions,  the  hay  coming  to  the  barn  without 
having  had  a  drop  of  moisture  fall  on  it.  The  crop  was 
the  heaviest  ever  cut  on  the  College  farm  in  the  fall.  The 
green  weight  was  13,133  pounds  per  acre,  containing  38.0 
per  cent  dry  matter,  or  4,990  pounds  dry  matter  per  acre. 
This  field  produced,  in  the  whole  season,  a  little  over  seven 
and  a  half  tons  of  hay  per  acre.  When  the  experimental 
hay  was  put  in  the  stack  it  weighed  5,097  pounds  per  acre 
and  contained  93.0  per  cent  dry  matter  or  4,740  pounds  of 
dry  matter  per  acre.  So,  in  this  third  trial  there  was  a  loss 
of  but  5.1  per  cent  of  the  value  of  the  hay  in  curing  and 
stacking. 

The  other  method  used  for  making  a  test  of  this 
same  point  was  to  cut  the  field  and  at  once  gather  up^  the 
alfalfa  from  sixteen  different  plots  scattered  over  the  field, 
each  plot  being  twenty  feet  long  and  the  width  of  the 
mower  swath.  It  was  considered  that  these  sixteen  plots  of 
over  a  thousand  square  feet  would  represent  the  average 
of  the  field. 

In  the  first  test  the  alfalfa  was  cut  June  8,  raked  June 
12,  cocked  the   14th  and  taken  to  the  barn  Jun5(3^QlThe 
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weather  on  June  9  and  10  was  cloudy  with  some  showers, 
but  at  this  time  the  alfalfa  had  not  yet  dried  much  and  it 
was  but  little  injured  by  the  rain.  It  showed  a  total  loss  of 
Q.o  per  cent  of  value  in  the  curing  and  gathering. 

The  next  sample  was  cut  June  15,  raked  June  17^ 
cocked  June  18  and  gotten  in  the  same  day;  all  without  a 
drop  of  rain.      It  also  showed  9.0  per  cent  loss. 

The  third  lot  was  cut  June  22,  raked  and  cocked  June 
24.  That  night  a  quarter  of  an  inch  of  rain  fell  and  the 
next  day  was  showery.  The  hay  was  opened  up,  turned 
and  recocked  June  26  and  taken  to.  the  barn  June  28.  It 
showed  a  loss  of  13.0  per  cent  of  dry  matter. 

Another  field  was  cut  June  15,  raked  June  18,  cocked 
June  19  and  gotten  in  June  22.  The  weather  was  perfect 
and  the  hay  showed  i  i.o  per  cent  of  loss.  Still  another  field 
cut  at  about  the  same  time  and  under  the  best  of  conditions^ 
showed  lo.o  per  cent  loss. 

We  thus  have  eight  tests  of  the  losses  in  curing  and 
gathering  alfalfa.  They  vary  from  5.1  per  cent  to  26.1  per 
cent,  with  an  average  of  11.7  per  cent. 

It  is  probable  that  this  average  is  not  far  from  the  real 
average  of  the  losses  on  the  alfalfa  in  Colorado  that  does 
not  suffer  any  hard  rain.  ,The  first  test  with  a  loss  of  26.1 
per  cent,  shows  what  may  easily  happen  under  bad  con- 
ditions. 

It  is  specially  to  be  noted  that  the  hay  which  was  made 
in  perfect  weather  shows  about  the  same  loss  as  that  which 
had  cloudy  weather  and  light  showers.  The  hay  that  dried 
most  rapidly  became  so  .brittle  that  the  mechanical  losses 
of  leaves  and  stem  were  fully  equal  to  the  losses  by  ferment- 
ation during  the  damper  weather. 


B — LOSSES  OF  ALFALFA  IN  THE  S)TACK  AND  IN  THE  BARN. 

A  test  was  made  to  determine  how  much  of  its  feeding 
value  was  lost  by  alfalfa  hay  after  it  was  put  in  the  stack 
and  how  much  of  that  loss  could  be  saved  by  putting  the 
hay  in  a  barn, 

A  field  of  alfalfa  was  all  cut  the  same  day,  handled  alike 
until  made  into  well  cured  hay,  then  it  was  hauled  and  each 
two  loads  put  alternately  in  the  stack  and  in  the  barn.  The 
stack  was  divided  by  slats  into  four  layers  and  the  hay  in 
the  barn  into  four  corresponding  layers.  The  hay  in  each 
layer  was  weighed  separately  and  duplicate  samples  taken 
for  analysis.This  hay  was  the  first  cutting  and  was  put  in  the 
stack  June  15.  It  remained  in  the  stack  eight  months |^^^|^ 
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February  1 6  all  the  layers  of  the  stack  and  in  the  barn  were 
again  weighed  and  sampled.  The  stack  was  about  the 
same  height  and  width  of  the  usual  alfalfa  stack  in  Colorado 
and  its  being  shorter  than  the  average  scarcely  affects  the 
results. 

As  would  be  expected  the  top  and  bottom  layers  of  the 
stack  suffer  more  loss  than  the  middle  layers.  The  top  layer 
lost,  about  five  per  cent  of  its  weight  in  spoiled  hay  and  the 
bottom  layer  about. the  same  per  cent  of  waste  hay  that  was 
so  injured  by  the  dampness  of  the  ground  as  to  be  unsalable. 

All  the  layers  lost  considerably  in  weight  as  follows: 

LOSS  OF    WEIGHT  IN  8TA0K. 

Weight  89  put  io  Weight  whea  taken  Per  cent  of  loss 

Layer.                      June  15.                     out  Feb.  12.  in  weight. 

Bottom 5048                              4160  17.6 

Second 4906                              4244  13.5 

Third 4754                              .3946  17.0 

Top 4664                              3554  23  8 

Average 4843  3986  17.7 

This  loss,  however,  is  largely  due  to  the  drying  out  of 
the  water  in  the  hay.  As  put  up  the  hay  averaged  i8.q  per 
cent  of  water;  as  taken  out  this  had  dried  to  but  ii.i  per 
cent  of  water.  The  changes  that  took  place  in  the  dry 
matter  give  these  figures: 

LOSS  OF   DRY   MATTER  IN   STACK. 

Dry  Matter  as  put  Dry  matter  when  Per  cent  of  loss 

Layer.  in  June  15.  taken  out  Feb.  12.  in  dry  matter. 

Bottom 4069  3593  11.7 

Second 4031  3818  5.3 

Third 4030  .3550  119 

Top 3585  3197  10.8 

Average 3929  :}539  10.0 

This  latter  table  does  not  show  the  loss  in  real  feeding 
value,  for  both  the  top  and  the  bottom  layers  had  some  hay 
that  could  not  be  used  for  feeding.  If  the  amount  of  this 
spoiled  hay  is  subtracted,  it  leaves  the  following  as  the  losses 
of  feeding  value: 

LOSS  OF   FEEDING   VAT^UE   IN   STA\  K. 

Feeding  value  ns  put  Feeding  value  when  Per  cent  of  loss 

Layer.                  in  June  15.  taken  out  Feb.  12.  infeediui;  value. 

Bottom 4069  .3390                               168 

Second 4a31  3818                                5.3 

Third 4030  a550                              119 

Top 3585  2997                               161 

Average 3929  3439    .  12.4 

The  results  show  that  for  every  hundr^d^  pounds  of  hay 
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put  into  the  stack  82.3  pounds  were  taken  out  and  for 
every  hundred  pounds  of  feeding  value  in  the  hay  as  put 
in  the  stack  12.4  pounds' were  lost  and  87.6  pounds  were 
saved.  The  loss  is  one-eighth;  that  is,  for  every  eight 
tons  of  feeding  value  in  the  original  hay,  seven  tons  are 
saved  and  one  lost. 

Chemical  analyses  were  made  of  the  hay  as  put  into  the 
middle  layers  of  the  stack  and  as  taken  out.  A  comparison 
ot  the  two  analyses  shows  what  changes  took  place  in  the 
hay  during  process  of  curing  in  the  stack. 

COMPOSITION   OF  THE   STACKED   HAY. 

Ab  put  Id  As  taken  out 

June  15.  February  12. 

Water 16  6  10.0 

Dry  Matter 83.4  90.0 

Analysis  of  Dry  Matter   - 

Ash 9.91  11.84 

Ether  Extract 1.25  1.34 

Crude  Protein 15.07  14.74 

Crude  Fiber 36.97  38.62 

Nitrogen-free  Extract 36.79  33  46 

The  analysis  taken  in  connection  with  the  weights  shows 
that  the  following  losses  of  food  ingredients  took  place  in 
these  middle  layers  of  the  stack. 

LOSS   OF   POOD   INGREDIENTS   IN   THE   STACK. 

As  put  in  As  taken  out  Per  cent 

June  15.  February  12.  of  loss. 

Ether  Extract 101                       99  2.0 

Crude  Protein 1214                   1086  10.5 

Crude  Fiber 2978                   2845  4  4 

Nitrogen-free  Extract 2964                   2465  16.8 

Total 7257  6495  10.5 

Samples  were  also  taken  and  analyzed  of  the  load  from 
the  top  of  the  stack  and  from  the  bottom.  The  analyses  are 
given  below  in  comparison  with  the  composition  of  the 
alfalfa  when  put  in  the  stack. 

Original.  Top  of  stack.         Bottom  of  stack 

Ash 9.91  11.64  12.18 

Ether  Extract 125  1.47  1.77 

Crude  Protein 15.07  15.94  17.04 

Crude  Inber 36.97  38.82  36.84 

Nitrogen-free  Extract 36.79  32  13  32.75 

In  the  top  of  the  stack  the  loss  falls  on  both  the  protein 
and  the  extract  matter,  while  at  the  bottom  the  loss  is 
almost  confined  to  the  extract  matter  and  crude  fiber.  In 
both  cases  the  loss  of  carbohydrates  is  greater  than  in  the 
middle  layers. 

The  losses  on  the  hay  that  was  put  in  the  barn  show 
quite  a  different  result:  ^         I 
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LOSS   OF   WEIGHT   IN    BARN. 

Weight  as  put  Weight  when  taken  Per  ceot  of  loss 

Laver                   in  June  15.  out  February  12.  in  weight. 

Bottom 3778  3480  7.9 

Second 4752  4C^1  13.8 

Third 4696  4103  12.6 

Top 4236  3663  13.5 

Average 4:{65  3834  12.2 

Judging  by  these  figures  alone  one  would  think  that  the 
losses  in  the  barn  had  been  nearly  as  much  as  in  the  stack. 
A  study  of  the  amounts  of  dry  matter  shows  that  these  losses 
are  almost  entirely  losses  in  weight  of  water.  The  hay  as 
put  in  the  barn  contained  20.8  per  cent  of  water;  when 
taken  out  it  contained  but  12.1  per  cent  of  water.  There 
were  13,804  pounds  of  dry  matter  put  into  the  barn  and 
13,478  pounds  of  dry  matter  taken  out,  being  a  loss  of  but 
2.5  per  cent.  Since  there  was  no  waste  hay  this  2.5  per  cent 
represents  also  the  loss  in  feeding  value  in  the  barn. 

The  final  averages  show  12.4  per  cent  of  feeding  value 
lost  in  the  stack,  while  but  2.5  per  cent  of  feeding  value  was 
lost  from  the  hay  that  was  put  in  the  barn.  This  shows  a 
difference  of  ten  per  cent  in  favor  of  the  barn. 

In  other  words  nine  to7is  of  hay  put  in  the  barn  zvill  feed 
as  tnuch  stock  as  ten  tons  put  in  the  stack. 

It  should  be  remembered  that  while  these  results  indi- 
cate average  conditions  for  the  barn,  they  represent  rather 
better  than  average  figures  for  stacks  of  the  first  cutting  of 
alfalfa  in  Northern  Colorado.  The  stack  under  experiment 
was  put  up  in  good  shape  and  had  a  chance  to  settle  well 
before  much  rain  fell  upon  it,  while  the  season  was  in  gen- 
eral favorable  for  hay  in  stack.  These  figures  may  be  said 
to  represent  the  least  losses  that  one  should  expect  with  the 
first  cutting.  Had  the  same  test  been  made  in  1895  a  very 
different  story  would  result.  That  year  at  least  one-third  of 
the  dry  matter  in  the  stack  was  lost.  We  made  an  extended 
test  of  the  feeding  value  of  this  injured  stack  hay  as  com- 
pared with  similar  hay  from  the  barn.  It  was  found  that 
the  sheep  eating  the  two  lots  of  hay  made  exactly  the  same 
^ain  for  the  entire  five  months  of  the  test,  but  for  every  two 
tons  of  hay  from  the  barn  we  had  to  draw  three  tons  from 
the  stack,  and  this  was  in  addition  to  the  large  amounts  of 
worthless  hay  on  the  tops  and  bottoms  of  the  stack.  In  that 
year  therefore4.4tonsof  hay  put  into  the  barn  yielded  as  much 
feed  as  10  tons  in  the  stack. 

Of  course  this  is  an  extreme  case,  but  the  average  loss  of 
all  years  for  Northern  Colorado  is  probably  not  less  than  a 
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fifth,  that  is.  eicrht  tons  of  hay  in  the  barn  is  equal  to  ten 
tons  of  hay  in  the  stack. 

It  may  be  asked  why  the  farmers  do  not  build  barns  for 
their  hay  and  save  these  large  losses.  The  answer  is  easily 
given.  Barns  are  expensive  to  build  and  keep  in  repair;  the 
labor  of  putting  hay  into  the  barn  and  feeding  it  to  any- 
stock,  except  milch  cows,  is  considerably  more  than  to 
handle  the  hay  by  stacking.  At  present  low  prices  of  hay„ 
the  two  items  above  more  than  equal  the  losses  of  hay  in 
the  stack.  It  seems  probable  that  at  six  dollars  a  ton  the 
gains  will  about  equal  the  losses,  and  at  above  that  price  one 
could  not  afford  to  stack  the  first  cutting. 

All  the  above  calculations  are  for  the  first  cutting  and 
for  Northern  Colorado.  The  losses  with  the  second  cutting 
are  much  less,  while  the  the  third  cutting  has  practically  no 
loss. 


C — ALFALFA   ENSILAGE. 

Some  tests  were  carefully  made  on  a  small  scale  to  see 
what  losses  might  be  expected  in  makingr  ensilage  of  alfalfa. 
One  test  was  made  with  the  alfalfa  put  in  whole  as  cut  in 
the  field,  the  other  with  the  alfalfa  cut  to  quarter  inch 
pieces  as  we  cut  our  corn  for  ensilage.  The  whole  alfalfa 
showed  a  spoiled  layer  three  inches  thick  on  the  top  and  an 
inch  layer  around  the  side  nearly  all  the  way  down.  The 
ensilage  of  the  bottom  and  middle  was  excellent  and  was 
greedily  eaten  by  the  cows  and  calves.  Its  loss  in  the  total 
weight  was  10.7  per  cent,  but  its  loss  in  feeding  value  was 
probably  a  little  larger. 

The  other  silo  was  filled  with  cut  alfalfa.  The  next 
day  the  silo  was  covered  with  two  thicknesses  of  building 
paper  and  one  of  boards  and  weighted  with  stone  to  about 
fifty-five  pounds  per  square  foot.  When  coverd  the 
ensilage  was  hotter  than  the  hand  could  bear.  Two  days 
later  the  temperature  had  fallen  to  83°  F.  and  in  two  days 
more  it  had  fallen  to  that  of  the  air.  The  ensilage  shrank 
and  settled  a  good  deal.  When  put  in  it  contained  33.0  per 
cent  of  dry  matter.  On  opening  the  silo  showed  two  inches 
of  spoiled  ensilage  on  top  and  half  an  inch  on  the  sides.  The 
spoiled  ensilage  was  7.3  per  cent  of  the  total  weight.  The 
loss  in  dry  matter  was   approximately  ten  per  cent. 

It  is  fair  to  presume  that  with  a  good  tight  silo,  well 
made  ensilage  from  cut  alfalfa  should  not  make  a  larger 
loss  than  was  here  given  in  our  small  experimental  silo,  or 
about  ten  per  cent  of  its  feeding  value.      To   make  ^gopd 
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ensilage  from  whole  alfalfa  is  a  much  harder  proposition. 
It  requires  that  the  alfalfa  be  quite  green;  that  the  silo  be 
both  tight  and  deep;  that  the  alfalfa  be  thrown  into  the  silo 
in  small  forkfuls  and  carefully  tramped  and  that  it  be 
weighted  by  four  to  six  feet  of  some  heavy,  tight  packing 
material  like  cut  corn  fodder.  If  the  alfala  is  put  up  in  the 
middle  of  summer  in  clear,  bright  weather,  it  must  be  raked 
and  loaded  as  fast  as  cut.  One  lot  we  tried  was  too  dry  for 
ensilage  two  hours  after  it  was  cut. 


D— THREE    METHODS   OF    HANDLING  ALFALFA. 

The  preceding  pages  have  given  the  losses  that  may  be 
expected  from  handling  alfalfa  in  the  stack,  in  the  barn 
and  in  the  form  of  ensilage.  Combining  the  losses  in» 
curing  and  gathering  to  those  found  in  the  stack  and  the- 
barn,  we  can  say  that  under  the  best  of  ordinary  conditions,, 
for  every  loo  pounds  of  feeding  value  as  it  exists  in  the 
green  alfalfa  at  the  time  it  is  cut  by  the  mower,  77  pounds- 
will  be  saved  if  the  hay  is  well  cured  and  put  in  a  stack 
under  good  conditions;  86  pounds  will  be  saved  if  put  in  the 
barn,  and  90  pounds  can  be  expected  if  made  into  first-class, 
ensilage.  The  cost  of  the  ensilage  is  so  much  more  than 
handling  the  alfalfa  as  hay  that  as  between  the  silo  and  the 
barn  there  can  be  no  question  unless  it  is  shown  that  the 
dry  matter  of  the  alfalfa  ensilage  has  a  higher  feeding 
value,  pound  for  pound,  than  that  of  the  dry  hay.  In  the 
comparison  of  the  ensilage  and  the  stacked  hay,  the  princi^ 
pal  advantage  of  the  ensilage  must  lie  in  the  fact  that  the 
alfalfa  can  be  put  in  the  silo,  even  under  bad  conditions  of 
weather  at  time  of  cutting,  and  that  once  siloed  it  is  safe 
from  the  worst  weather. 


E — TOP-DRESSING   ALFALFA. 

A  field  which  had  been  in  alfalfa  three  years  was. 
divided  into  five  equal  plots.  The  first,  third  and  fifth  were 
left  as  checks.  The  second  plot  was  fertilized  at  the  rate  of 
sixty  loads  to  the  acre  of  fine,  well  rotted  sheep  manure.. 
The  fourth  plot  received  half  as  heavy  a  top-dressing.  The 
manure  was  spread  on  in  the  winter  and  after  the  alfalfa 
started  in  the  spring,  it  was  run  over  with  a  smoothing 
harrow  to  break  up  the  manure  fine  and  allow  the  alfalfa 
shoots  a  good  chance  to  grow. 

When  the  field  was  ready  for  the  first  cutting  the  leye 
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•could  detect  a  difference  between  the  plots.  Those  which 
had  been  manured  were  a  darker  green,  the  stems  were 
larger,  taller  and  more  succulent,  but  they  did  not  seem  to 
be  so  numerous  as  on  the  untreated  plots.  The  whole 
field  was  cut  the  same  day  and  the  hay  on  each  plot  was 
hauled  the  same  day. 


FIRST 

curriNG. 

Plot. 

1            

Weight 
hay. 
3100 

of 

Per  cent  of 
dry  matter. 

88.7 
81.3 
88.9 
88.5 
89.3 

Weight  of  dry 

matter  per  plot. 

2750 

2 

3               '.'.'.'.'. 
4 

3212 

3080 

3112 

2611 
2738 
2764 

5 

3172 

2838 

Averacre  1.  3.  5 

3117 

88.9 
84.9 

2771 

Average  2,  4 

3162 

2685 

SECOND 

•  CUTTING. 

1               

2 

3  '.'.'.'.'. 

4               

5                

1978 

2518 

1720 

1920 

1842 

81.9 
79.8 
82.8 
81.0 
78.9 

1609 
2009 
1424 
1555 
1453 

Average  1,  3,  5 

A  verage  2,  4, 

1847 

THIRD 

81.2 

CUTTING. 

1500 

1              

2 

1100 

1340 

83.2 
85.9 
88.7 
88.5 
86.2 

915 
li.'^l 

3               

4               

5               

970 

1010 

890 

860 
894 
767 

Average  1,  3,  5 

Average  2.  4,     

987 

1175 

86.0 
86.0 

849 
1010 

1 

2 
3 
4 
5 


TOTAL  CROP   FOR   THE   YEAR. 

..6178  85.4 

..7070  81.(3 

..5770  87.0 

..6042  86.3 

..5884  85.9 


5274 
5771 
5022 
5213 

5058 


Average  1,  3,  5 5944 

Average  2,  4,     6556 

Difference  in  favor  of  fer- 
tilizing   612 

Percentage  Difference 10.3 


86.1 
83.8 


CROP  FOR  THE  SECOND  YEAR. 


Plot. 


Firpt 
Cutting. 
...2240 
...2490 
...2000 
...2170 
...2170 


Second 
Cutting. 

1900 

1908 

1546 

1856 

1820 


Third 
Cutting. 
1240 
1394 
1158 
1458 
1458 


5118 
5492 

374 
7.3 

Total 
Crop. 

5380 
5792 
4704 
5484 
5448 


Average  1,  3,  5 2137  1755  1285  5177 

Average  2, 4 2330  1882  1426  5638 

Difference  injRvor  of   fertilizing ^  by Gc^f&gle 

Percentage  difference s  j® 
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In  both  years  the  application  of  the  fertilizer  has 
apparently  had  a  beneficial  effect,  but  the  result  is  not  at  all 
commensurate  to  the  expense.  Considering  the  manure 
itself  as  having  no  value,  the  mere  hauling  and  spreading 
on  the  ground  cost  at  the  rate  of  more  than  thirty  dollars 
per  acre.  The  plots  were  close  to  an  acre  in  size,  so  that 
the  figures  indicate  a  gain  of  about  500  pounds  of  hay  or,  at 
present  prices,  about  a  dollar^s  worth  per  acre. 

No  one  could  afford  to  top-dress  alfalfa  with  the 
prospect  of  gaining  only  a  dollar  per  acre  per  year.  It 
seems  probable  that  if  it  is  desired  to  fertilize  the  land  for 
alfalfa,  that  the  land  be  plowed,  the  manure  being  turned  to 
the  bottom  of  the  furrow,  then  the  land  cropped  with  corn 
and  grain  for  one  or  two  years  and  then  seeded  to  alfalfa. 
We  undertook  to  make  this  test,  but  the  experiment  was 
never  completed. 

In  order  to  ascertain  whether  this  heavy  supply  of  plant 
food  had  made  any  difference  in  the  chemical  composition 
of  the  alfalfa,  samples  were  analyzed  of  each  of  the  cuttings 
of  both  the  fertilized  and  unfertilized  plots. 


(X)M POSITION  OF  DUY  WATTEK. 


CnttinK 


First,  fertilized 

Uofertilizeil 

Second,  fertilised 

Unfertilized 

Third,  fertilized 

Unfertilized 

Average  fertilized . . . 
Average  nnfertilized 


ABh 


I  Ether  I  Onde 
iBzcraci  Proteio 


11.29 
9.71 
9.12 
8.9.'S 
10.99 
10.64 


1.54 
1.84 
1.02 
1.04 
1.19 
1.24 


13.88 
18.  U 
11.14 
11.06 
14.58 
14.59 


Cmde 
Fiber 


35.74 
39.59 
48.63 
45.22 
86.74 
86.75 


Nitro-    .p  .   , 


87.53 
86.23 
85.09 
88.71 
86.51 
86.78 


2.22 
1.98 
1.78 
1.78 
2.88 
2.88 


Phos-  I 
phonic    Potash 
Acid 


0.59 
0.46 
0.48 
0.86 
0.47 
0.42 


8.09 
3.28 
8.12 
8.81 
2.75 
2.91 


10.47 
9.77 


1.25 
1.21 


18.20 
12.97 


88.70 
40.52 


86.88 
85.59 


2.11 
2.08 


0.51 
0.41 


2.99 
2.88 


The  third  cuttings  are  essentially  duplicates.  In  the 
first  and  second  cuttings  the  alfalfa  from  the  fertilized  plots 
has  a  higher  feeding  value  and  is  richer  in  plant  food. 
These  differences  are  large  enough  so  as  to  make  it 
probable  that  the  results  are  not  accidental,  but  are  due  to 
real  differences  of  composition  caused  by  the  application  of 
the  fertilizer. 
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f — moisture  in  green  alfalfa. 

The  actual  amount  of  water  in  alfalfa  at  the  moment 
the  mower  knife  cuts  it,  we  have  tested  but  little,  as  this  has 
hardly  any  practical  bearing,  but  we  have  made  several  tests 
of  how  much  moisture  it  holds  about  an  hour  later,  that  is, 
in  the  condition  it  would  be  if  put  in  the  silo.  One  test  the 
last  week  in  May  gave  76.8  per  cent  ot  water,  or  23.2  per 
•cent  of  dry  matter.  Four  tests  the  third  week  in  June  gave 
^69.7,  67.0,  75.6,  72.8  with  an  average  of  71.3  per  cent  of  water, 
which  is  just  about  right  for  the  best  results  in  the  silo. 

A  sample  cut  in  September,  in  bright  drying  weather, 
was  dried  to  62.0  per  cent  water  in  an  hour,  too  dry  to  be 
put  in  the  silo,  while  a  sample  as  actually  put  in  the  silo  in 
October  during  cloudy  weather  was  74.0  per  cent  water. 


G — MOISTURE    IN   ALFALFA   HAY. 

Few  farmers  realize  how  much  water  there  is  in  what 
they  call  dry  hay. 

It  is  impossible  to  dry  out  all  the  water  from  hay  with- 
out resorting  to  artificial  heat.  Hay  spread  out  in  a  thin 
layer  in  direct  sunlight  and  sheltered  from  all  rain  and  dew 
will  finally  dry  out  until  a  hundred  pounds  of  hay  contains 
•only  five  pounds  of  water.  This  is  as  dry  as  it  can  be  gotten 
without  the  use  of  a  regular  drying  oven. 

In  Colorado  "air  dry*'  means  with  about  ten  per  cent  of 
water;  that  is,  if  hay  is  stored  in  a  barn  and  sweats  and  drys 
out  thoroughly,  a  hundred  pounds  will  contain  about  ten 
pounds  of  water.  Oats  and  wheat  in  the  bin  late  in  the  win- 
ter contain  about  the  same  amount  of  water,  while  corn  in 
the  crib  will  contain  by  the  next  spring  about  the  same  ten 
per  cent  of  water. 

But  the  "well  cured"  hay,  as  usually  put  in  the  stack  or 
the  barn,  is  far  from  these  conditions.  In  the  course  of  our 
experiments  we  have  had  occasion  to  test  the  moisture  of 
thirty-five  samples  of  hay  taken  in  different  years  and  rep- 
resenting the  three  cuttings. 

Three  samples  taken  in  June  tested  23.2,  30.0  and  26.3 
per  cent  of  water,  with  an  average  of  26.5  per  cent  and  they 
heated  quite  badly,  becoming  dusty  and  a  little  darkened. 
Seventeen  samples  that  kept  well  tested  14.0,  13.0,9.31  11.2, 
20.6,  22.7,  22.9,  17. 1,  19.4,  17.8,  15-2,  23.1,  ii.o,  10.8,  10.4,  18.4, 
II. 7  per  cent  with  an  average  of  15.2  per  cent  of  water. 
The  dryest  of  these   with  9.3  per  cent   of   water   is   too  dry. 

Digitized  by  VjOOQIC 


Farm  Notes.  15 

being  so  brittle  as  to  lose  too  much  in  handling,  while  the 
wetter  ones  20.0  per  cent  and  above  will  probably  contain 
some  forkfuls  that  are  too  wet  and  will  make  the  hay  dusty. 
From  15  to  18  per  cent  of  water  is  about  right  for  the 
proper  handling  of  the  hay  and  its  settling  in  the  stack  so 
as  to  shed  rain.  This  means  that  the  hay  will  lose  about 
one-fourteenth  of  its  weight  of  water  in  drying  out  in  the 
stack,  besides  its  loss  from  fermentation  and  washing. 

The  samples  of  hay  from  the  second  cutting  contained 
22.0,  24.0  and  24.0  per  cent  water  and  heated  somewhat. 
Five  samples  contamed  16.8,  18.9,  15.9,  17.7,  19.8  with  an 
average  of  17.8  per  cent  of  water  and  all  kept  well. 

Five  samples  of  hay  from  the  third  cutting  tested  15.5. 
13.8,  1 1.0,  1 1.2,  13.5  averaging  1.30  per  cent  of  water  and  all 
kept  in  excellent  shape. 


IL    CORN. 


A— SILO  NOTES. 

The  very  cheaply  built  silo  described  in  a  former  bulle- 
tin of  this  station  was  filled  with  fodder  corn.  In  one  of  the 
four  compartments  the  top  layer  was  composed  of  about  a 
ton  of  corn,  and  the  covering  consisted  of  a  layer  of  wet 
straw  and  then  about  four  inches  of  wet  dirt.  The  top  layer 
was  spoiled  for  a  little  over  two  inches.  This  and  the  cov- 
ering make  a  weight  for  the  second  layer  of  about  sixty 
pounds  per  square  foot.  This  second  layer  contained  9997 
pounds  of  corn  fodder  at  the  time  of  filling.  When  opened 
and  fed  out  the  last  of  December  it  weighed  just  a  thousand 
pounds  less,  or  a  loss  of  ten  per  cent.  The  layer  next  under 
this  shrank  from  9721  pounds  put  in,  to  9409  pounds  taken 
•ut — a  loss  of  but  three  per  cent.  The  most  expensive  silo 
could  not  preserve  corn  with  a  less  loss. 

When  the  silo  was  filled  the  corn  was  separated  into 
four  layers  by  boards,^nd  rods  of  kno?vn  lengths  were  firmly 
attached  to  these  board  partitions,  so  that  as  the  boards  set- 
tled the  thickness  of  the  layers  would  be  known  from  the 
height  of  the  rods. 

The  silo  was  ten  feet  square  and  the  bottom  layer  con- 
tained 6588  pounds  of  fodder  corn  cut  into  quarter  inch 
pieces.     When  on  top  of  this  layer  one  more  load  had  been 
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placed  and  well  tramped,  that  is,  half  an  hour  later  with  a 
weight  of  fifteen  pounds  to  the  square  inch,  the  layer  was 
34 >^  inches  thick,  giving  a  weight  of  23  pounds  to  the  cubic 
foot.  In  another  hour,  with  a  weight  on  top  of  95  pounds  to 
the  square  foot,  the  layer  had  been  squeezed  five  inches 
thinner  and  weighed  27  pounds  to  the  cubic  foot.  The  next 
morning  with  an  average  pressure  of  about  213  pounds  to 
the  square  foot,  the  layer  weighed  31  pounds  to  the  cubic 
foot.  During  the  next  two  days  the  silo  was  filled  up,  cov- 
ered with  wef  straw,  allowed  to  stand  four  days  and  then 
covered  with  wet  dirt.  This  gave  an  average  pressure  of 
323  pounds  to  the  square  foot.  Three  days  later,  that  is 
ten  days  after  the  corn  was  put  in  the  silo,  the  bottom 
layer  had  settled  7  inches  to  i8j^  inches  thick,  or  44  pounds 
to  the  cubic  foot.  Six  weeks  later  it  had  settled  two  inches 
more  and  another  inch  in  the  next  month.  It  then  weighed 
50.7  pounds  to  the  cubic  foot.  When  the  pressure  was  re- 
moved by  the  throwing  out  of  the  upper  layers,  this  bottom 
layer  expanded  one  inch  from  15J4  to  i6J^  inches,  or  from 
50.7  pounds  to  the  cubic  foot  to  47.Q  pounds. 

The  next  to  the  bottom  layer  contained  9721  pounds  of 
fodder  corn.  An  hour  after  it  was  put  in  the  silo,  when  it 
was  weighted  35  pounds  to  the  square  foot,  it  made  a  layer 
58  inches  thick,  or  20  pounds  to  the  cubic  foot.  By  the  next 
day  at  noon,  with  125  pounds  of  weight  to  the  square  foot, 
the  layer  had  been  reduced  to  48  inches  thick  or  24  pounds 
to  the  cubic  foot.  At  the  end  of  eight  days,  with  an  average 
pressure  of  244  pounds  per  square  foot,  it  had  shrunk  a 
quarter  more  and  weighed  31  pounds  to  the  cubic  foot.  Ten 
weeks  later,  when  the  bottom  layer  weighed  50.7  pounds  to 
the  cubic  foot,  this  layer  weighed  but  33.3  pounds.  One  had 
a  pressure  of  244  pounds  and  the  other  323  pounds  per 
square  foot  and  the  one  with  the  lighter  pressure  is  the 
heavier  proportional  to  the  pressure. 

The  third  layer  from  the  bottom  contained  9997  pounds 
fodder  corn.  An  hour  after  it  was  put  in,  with  a  pressure 
of  25  pounds  per  square  foot,  it  was  57  inches  thick  or  21 
pounds  to  the  cubic  foot.  Eight  days  later,  with  an  average 
pressure  of  145  pounds  per  square  foot,  the  layer  was  39.5 
inches  thick,  30.3  pounds  per  cubic  foot.  Here,  again,  the 
weight  per  cubic  foot  is  not  proportional  to  the  pressure. 
It  did  not  change  from  this  weight,  compressing  only  to  31.5 
pounds  per  cubic  foot  at  the  lowest.  When  the  cover  and 
upper  layer  were  removed  the  top  of  this  third  layer  rose 
two  and  a  half  inches,  this  being  the  amount  that  the  whole 
mass  of  the  three  layers  below  expanded.  This  expansion 
seemed  to  be  one  inch  for  the  first  and  third  layers  and  half 
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an  inch  for  the  middle  layer.  As  the  three  layer?  together 
were  88  inches  thick,  the  expansion  was  but  three  per  cent 
when  a  weight  of  95  pounds  per  square  foot  was  removed. 
The  three  layers  together  were  88  inches  thick  and 
averaged  36  pounds  per  cubic  foot  with  a  pressure  above  95 
pounds  per  square  foot,  or  an  average  pressure  for  the  whole 
of  226  pounds  per  square  foot.  It  has  been  estimated  that 
it  requires  a  pressure  of  about  1500  pounds  per  square  foot 
or  about  ten  pounds  to  the  square  inch  to  compress  ensilage 
to  its  least  possible  bulk,  when  it  will  weigh  nearly  64  pounds 
to  the  cubic  foot.  This  is  on  supposition  that  the  fodder 
corn  is  properly  matured.  The  greener  the  corn  the  more 
it  will  weigh  to  the  cubic  foot  with  small  pressures  and  the 
less  pressure  it  will  take  to  force  out  the  last  of  the  air. 


B — SEED  CORN  FROM  DIFFERENT  ALTITUDES  AND  LATITUDES. 

A  test  was  made  extending  over  four  years  to  see 
whether  the  altitude  or  latitude  of  the  place  at  which  the 
seed  was  grown  would  have  any  effect  on  the  yield  when 
planted  in  Colorado.  Or.  to  put  the  problem  in  a  little  differ- 
ent words,  to  see  whether  Colorado  grown  seed  was  better 
or  poorer  than  that  grown  further  east.  The  two  varieties, 
Pride  of  the  North  and  Leaming,  were  selected  for  the  test 
since  they  are  the  largest  corn  that  will  ripen  at  Fort  Col- 
lins, and  the  seed  is  hanidled  by  most  of  the  large  seed  deal- 
ers. Fort  Collins  is  out  of  the  main  corn  belt  so  that  none 
of  the  yields  are  so  high  per  acre  as  are  commonly  obtained 
in  the  Mississippi  Valley,  nor  nearly  so  large  as  would  be 
grown  in  the  Arkansas  Valley  in  this  State.  But  the  prin- 
ciple of  comparison  is  the  same,  even  with  the  smaller 
yields.  The  following  tables  give  the  weight  per  acre  of  the 
whole  crop  or  what  it  would  yield  if  grown  for  ensilage  and 
also  the  weight  per  acre  of  shelled  corn. 
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WEIGHT  OF  WHOLE  CROP  PER  ACRE. 


Pride  of  the  North. 


Htate 


Nebraska . 
Colorado.. 


PenD6yl?aQia  . 

Illinois 

Colorado 

Iowa 

Minnesota 

Illinois 

Minnesota 


Firm 


1805 
lbs. 


Nwbraska  8eed  Co 14250 

Lee-Kinsey 18500 

14875 
20625 


Rarteldes  &  Co 

W.  H.  Maole 

Vaoichn  Seed  Store 1SH7.*) 

Matthews 16750 

Iowa  Seed  ( 'o 

Northrop  King  &  Co 

J .  Baaacher 

L.  L.  May  Co 


Pennsylvania |W.  A.  Burpee 

Ohio jStorrs  Harrison  ACo. 

New  York IJ.  M.  Thorbnrn 

Illinois !h.  W.  Buckbee 

Michigan D.  M.  Ferry 


1897 
lbs. 


16000 


17500 


14116 
18500 
10833 
12*16 
21750 
11083 
3250 


1898 
lb;». 


6875 

8000 


0623 
3250 

10500 
6500 
6000 
r.875 

1000) 
8125 
6125 


1899  |Av»>r'ge 
lbs.    llM. 


12666 
14838 


6588 
7J42 
7602 

12934 
8111 
9818 

15522 
7659 
8658 


14210 
1H:W5 

12:.tf9 
2(J«)2-> 
1^S73 
16700 
101*21 

7019 
108.39 
ia»7H 

8314 

9369 
15757 

7289 


WEIGHT  OF  SHELLED  CORN  PER  ACRE. 


Pride  of  the  North. 


State 


Iowa 

Minnesota. 
Colorado . . 

Illinois 

Minnesota. 


Firm 


Iowa  Seed  Co 

Northrop  King  k  Co . 

Lee-Kinsey 

J .  Baascher 

L.  L.  May  Co 


Pennsylvania '  W.  A.  Barpee. 

Ohio 

New  York 

Illinois 

Michigan 

('olorado 


Storrs  Harrison  &  Co. 

J.  M.  Thorbuin.. 

IL  W.  Buckbee 

D.  M.  Ferry 

Barteldee  A  Co 


1897 
lbs. 


aoco 

1833 
1000 
1383 
1116 
1250 

750 
2166 
1583 

166 


1893 
lbs. 


900 
652 
798 

1656 
840 
997 
787 
785 
850 

1087 
840 


1899 
lbs. 


1730 
2261 
2666 
2142 
2375 
2000 
2000 
2537 
2133 

i^m 

2166 


Aver'ge 
lbs 


1548 
16S2 
H87 
1710 
1548 
1415 
1179 
1812 
1520 
1283 
1503 
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State 


Firm 


Nebraska 

PeDnsylyanin.. 

llanoib 

Iowa 

Mioneeuia 

California 

<^oIoratlo 

Maftsachasetts, 

Minnefiota 

WiacoDsin 

Penusylviiiiiu 

Ohio 

New  ^ork 

lUioois 

Ma8saciiai«ett9 
PeDueylvania. 


iNebraakaSeedCo 

D.  Landreth 

W.  H.  Maalo 

Yaachn  ijeed  Store 

I 

Iowa  Seed  Co 

Northrop  King  &  Co. . 

,CoxSeedCo 

'  iiartoldes  &  Co 

I 

!R.  &  J.  Farqohar 

|L.  L.  May  Co 

J.A.Saizer 

I 
W.  A.  Burpee 

Storrs  Harrison  &  Co. 

J.  M.  Thorbarn 

H.  W.  Buckbee 

J.  J.  ii.  Gregory 

Johnson  Stokes  &  Co. 


18W 
lbs. 


19250 
lAWO 
20875 
170(0 


19625 


15125 


18P7 
Jlje. 


1H116 
1488:} 


20250 
21083 
20833 
27750 
23250 
24833 
24833 
201t}6 
20160 
17SSS 
22000 
25416 
14750 


1898 
lbs. 


7dOO 


IIUOO 
0750 
6000 

lOOtO 


8250 
9875 
2875 
8U00 
4875 
6875 
10250 
4000 


1899 
lbs 


13500 
17900 


15319 
10709 
14318 
6018 
13205 
15925 
13921 
13571 
15106 
12708 
14411 
18921 
14857 


Arer'ge 
ibs. 


192.50 
16605 
15277 
17000 
15523 
14566 
13717 
14723 
18228 
16336 
15878 
12204 
14424 
11638 
14428 
16529 
11202 
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State 


Iowa 

Minnesota. . . . , 
•California.... 

Colorado 

iiassachusetts 
Pennsylvania 
Minnesota. ... 

Wisconsin 

Pennsylvania 

Ohio 

New  York.... 

Illinois 

Massachasetts 
Pennsylvania 


Firm 


Iowa  Seed  Co 

Northrop  King  &  Co . 

CozSeedCo 

Barteldeetk  Co 

R.  &  J.  Farqahar 

D.  Landreth 

L.L.  May  Co 

J.A.8al2er 

W.  A.  Bnrpee 

W.H.  Manle 

Storrs  Hnrrison  &  Co 

J.  M.Thorburn 

H.  W.  Backbee 

J.. I.  H.  Gregory 

Johnson  Stokes  &  Co 


1897 
lbs. 


1750 
2250 
2000 
1666 
2083 
17.50 
2000 
2083 
1750 
666 
1166 
2000 
2083 
2750 
1416 


1898 
Ids. 

1899 
lbs. 

1182 

2859 

945 

2602 

575 

2613 

840 

1481 

1923 

1800 

822 

2692 

537 

1764 

1982 

472 

3000 

591 

2021 

505 

1458 

577 

2745 

618 

2058 

410 

2142 

Average 
ibs. 
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1864 
1962 
1T29 
1296 
2003 
1775 
1838 
1461 
1S66 
1379 
1259 
1321 
1801 
1809 
1823 
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The  results  are  not  at  all  uniform,  but  it  seems  possible 
to  draw  the  conclusions  that  the  seed  grown  in  Colorado- 
produces  just  about  the  average  of  that  grown  in  all  the 
other  states  for  Pride  of  the  North,  and  less  than  the  aver- 
age for  the  Leaming.  The  northern  grown  seed  shows 
poorly  for  Pride  of  the  North  and  among  the  best  for  the 
Leaming.  The  eastern  grown  seed  Massachusetts,  Pennsyl- 
vania and  New  York  on  the  whole  gives  better  returns  than 
that  grown  west  of  the  Mississippi  river. 


C — VARIETY   TESTS   OF   CORN. 

For  the  past  six  years  there  have  a  large  number  of  the 
principal  varieties  of  corn  been  grown  on  the  college  farm. 
It  is  believed  that  the  results  of  so  long  a  test  will  prove 
valuable  as  giving  a  clear  indication  of  the  general  kind  and 
size  of  corn  that  will  do  the  best  under  the  given  conditions 
of  altitude  and  latitude.  All  grades  were  tested,  from  the 
Will's  Gehu  that  ripens  long  before  frost  and  bears  its  ears 
less  than  a  foot  from  the  ground,  to  the  Giant  Mexican 
June  that  sends  out  its  silk  as  high  as  a  man  can  reach  and 
is  barely  tasseling  at  the  usual  harvest  time. 

In  all  cases  the  corn  was  planted  in  hills  three  feet  apart 
each  wa^.  In  1895  it  was  not  irrigated  and  the  crop  was 
small.  The  other  years  the  corn  was  irrigated  twice.  The 
land  on  which  this  corn  was  grown  was  a  different  field  each 
year  and  was  for  the  most  part  on  ground  that  had  been 
heavily  manured.  In  all  cases  it  was  land  so  rich  and  in 
such  condition  that  it  would  have  raised  a  large  crop  of 
grain.  In  other  words  the  small  crops  are  due  to  the  climate 
rather  than  the  soil,  and  show  that  Fort  Collins  is  outside  of 
the  corn  belt.  Still,  corn  will  grow  here  so  well  that  if  it  was 
not  for  the  ease  and  cheapness  with  which  alfalfa  can  be 
grown,  corn  would  be  the  cheapest  fodder  for  dairy  stock. 

VARIETY  TESTS  OF  CORN  1894. 

Variety  Total  Crop        Green  Ears        Green  Stover        Shelled  Corn. 

^ '  per  acre.  per  acre.  per  acre.  per  acre. 

Flint  Corn- 
Golden  Dew  Drop..  16,800  4,820  11,980  1.926 

Wiirs  Gehu 14.200  4,900  9.300  2,117 

Kinjf  Philip 19,200  3,600  15,200  1,028 

Sanford 2:^.400  5.300  18,100  1.809 

Longfellow 19,600  3,850  15,750  1,327 

Minn.  Kiofir 14,200  2,900  11,300  1,176 

Dent  Corn — 

Queen  of  the  Field. .  22,800  6.300  16.500  1,686 

Huron 18,400  5.423  12,977  2,408 

White  Pearl 21 ,400  6,869  14,531  2,408^ 
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Vnrietv  "^^^^^  ^''^P        G"en  Ears        Green  Stover        Shelled  Corn 

V  arieiy.                ^^^  ^^^^  ^^^  ^^^^  p^j.  ^^^^                  p^^,  ^j.j.^j    . 

WiB.  Yellow  Deot ...  21.600  5,900  15,700                     2,167 

Pride  of  the  North. .  24.800  5,800  19,000                     1.8C9 

Cttli.  Yeilow 22.400  6,250  16,150                     1,926 

MastodoD 25,000 

Chester  CountyMuuj.  21.200 

Pled  Cob 23.200 

Obamp.  Co.  Prolific. .  23,000 

lieaming 30,800 

Giant  Fodder 35.000 

Va.MHmmoth 20,800 

VAKIETY  TESTS  OF  CORN  18%. 

Flint  Corn- 
Golden  Dew  Drop. . .  12,100  2,600  9,500 

Wiirs  Gehu 7.875  3.750  4,125 

King  Philip 13,000  3,100  9,900 

Sanford 14,750  4,375  30,375 

Longfellow 14,200  2,000  12,20() 

Minn.  King  13,000  3,900  QJOi) 

White  AuBtralian  .. .  18.600  6,500  12.100 

Angel  of  Midnight..  12.600  2.000  10,600 

Yellow  AuBtralian  . .  10,700  4,700  6,000 

Colorado  White 25,100  4,400  20,700 

Brazilian  Flour ....     18,000  ....  18,000 

Dent  Corn — 

Kingof  tbeEarlieet.  20,4)0  3,900  16,500 

Queen  of  the  Field. .  18,500  5,500  13,000 

Huron 12.100  3.800  8.300 

White  Pearl 14.700  1,900  12,80J 

Pride  of  the  North . .  17.500  4,000  13,500 

Gold  M  ine 18,000  4.{)00  13,500 

While  Cap  Dent ....  17,000  2,300  14,7U0 

Grafflin 15,700  4.000  11,700 

Riley's  Favorite 19,000  2,700  16,300 

Mastodon 15,250  1,751  13,500 

Red  Cob 20,000  ....  20,<XX)                             ^ 

Learning 18,400  3,750  14.650                            ^ 

Giant  W  bite  Dent . . .  18,400  2,200  16,200 

Conqueror 7.000  900  6,100 

Mam.  Cuban 20,400  4,400  16,000 

Mam.  Red  .  *. 20,500  4,500  16,000 

Giant  Mex.  June. . . .  13,600  ....  13,600 

Swadley 11,100  4,900  6.200 

Golden  Row 20,700  2,700  18,000 

Golden  Beautv 22,200  3,70O  18.500 

Nebr.  While  Prize  . .   17.400  3.200  14,200 

Early  California  ..   .  21.(XX)  4,000  17,0a) 

Golden  Seal 2:3.700  5,2(X)  18.500 

HaUmwav'BYeJ.Deiit  18,7(X)  8,500  10,200 

Evergreen  Sweet....   15,600  3,400  12.200 

VAKIETY  TESTS  OF  CORN  1896. 
Flint  Corn — 

Golden  Dew  Drop..  24.500  3,750  21,7r>0                       1,670 

Wiire  Gebu 9.30(>  4,100  5.200                       2;i*J0 

KingPbilip 19,250  3.8.30  15,420                      1,900 

Saotord 24,100  4.500  lO.tXX)                       1 ,417 

Longfellow 25,800  2.580  23,220                       1,090 

White  Australian...  19,500  6.100  13.400                      3,000 

Angel  uf  Midnight..  16.100  1,600  14,500        ^             400 

Yellow  Austrhlian...     6,800  2.300  ^'^^O.,    Qoc     ^'1"^ 

Colorado  White 27,000  4,700  22,900  ^               J. 400 
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Variety  Total  Crop        Green  Ears        Green  Stover 

^ '                per  acre.           ^  per  acre.  per  acre. 

Brazilian  Flour 44,500  ....  44,500 

Dent  Corn- 
Queen  of  the  Field. .  22.200  G.2oO  15,a'>0 

White   Pearl 20.500  2.700  17,800 

Pride  o  the  North..  19,700  4,600  15,100 

Dakota  Dent i6.(K)0  4,000  12,000 

Gold  M  ine 17,500  4,800  1 2,700 

White  Cap  Dent ....  24.700  4.900  19.800 

Grafflin •. 17;800  4,000  13.800 

Riley'B  Favorite 20.300  2.700  17,600 

Maetodon 18,200  3.2.v0  H.OVO 

Red  Cob 33,200  3,900  29,300 

Learning 18,700  4,400  14,300 

Giant  White  Dent. .  16,600  1 600  15.000 

Conquerer 14,400  1,600  12,800 

Mam.   Cuban 21.100  5.200  15,900 

Mam.  Red 19,000  3,200  15.800 

Giant  Mex.  June....  84,000  ....  84,000 

Swadley    10,800  .3,900  7,000 

Golden  Row 31,000  5,700  25,300 

Golden  Beauty 27,200  5,300  21,900 

Neb.   White  Prize...  22,700  3,100  19,600 

Early  California  ....  24,100  3.700  20,400 

Golden  Seal 13,200  3,400  9,800 

Hath  a  way  *8     Yellow 

Dent 18,100  6,100  12.000 

Evergreen  Sweet. . . .  20,700  1,700  19,000 

VARIETY  TESTS  OP  CORN  1897. 

Flint  Corn— 

Sanford 13.750  2.667  11.083 

Longfellow 16.861  2,917  13,944 

White  A UBtralian...  15.583  4,333  11,250 

Angel  of  Midnight..  16.000  4,083  11,917 

Squaw  Corn 7,167  3,000  4,167 

Compton'fl  Early....  17,250  2917  14,.333 

E^iesb  Ripe 4,416  2.0S3  2,^33 

Early  Canada 12,666  2,a33  9.8a3 

Minn.  White  Flint..  17,666  4,583  1.3,0S3 

Red-blazed 9.750  1 ,500  8.2.")0 

Pride  of  Canada....  13,000  2,250  10,750 

Brazilian  Flour 21,500  ....  21,500 

White  Flint 14,583  3,250  1 1.343 

Dent  Corn — 

Prideof  the  North..  14,242  3.371  10.871 

Dakota  Dent 8,666  3,08:^  5.583 

Huron 17.333  3,583  13.750 

Gold  Mine 17,333  3,250  14,083 

Grafflin 12,:i33  2..333  1,000 

King  of  the  Earliest,  20,0&3  3.667  16,416 

Iowa  Silver  Mine....  18.867  3,167  15.500 

Red  Cob 40.333  7,583  .32,750 

Learning 21,028  4,589  16,439 

Cuban  Giant 17.333  1,917  15,417 

Giant  Mex.  June....  44,417  44.417 

Swadley 12,500  3,250  8,250 

Golden  Beauty 20,875  3,792  17,0a3 

Evergrpen  Sweet ....  20.667  ,3,0  0  1 7,667 

Blount'8   Mammoth.  25.167  4,500  20,667 


Shelled  CoFD 
per  acre. 


2,750 

500 

2,250 

1,900 


1,600 

1.666 

2,466 
250 

1*966 


2.000 
1.900 

756 

1,366 

566 


1,250 
1.139 
2,250 
1,750 
2,083 
1.417 
1,250 
1,333 
2,250 
750 
1,167 

l,i67 

1,568 
1.416 
1,833 
1,417 
2,000 
1,667 
1,167 
2,a33 
1,761 
500 


1,583 

i,2(y9 

750 
1,250 
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VARIETY  TESTS  OF  CORN,  1888. 

Variety  Total  Crop        Qreeo   Bars        Qreen  Stover        Shelled  Corn 

va  leiy.               per  acre.  per  acre.  per  acre.  per  acre. 

1*  Hot  Corn— 

Sanford 7.125  1 ,125  6,000 

Longfellow 6,708  1,333  5.376 

Angel  or  Midnight . .  8,500  1,500  7,000 

Squaw  Corn 5,375  3,250  2,125 

Compton's  Early  . . .  7,500  1,250  6,250 

Early  Red  Blazed...  6,750  1,500  5,250 

Pride  of  Canada....  10.625  2,000  8.625 

Dent  Corn — 

Pride  of  the  North..  6.438  1,750  4,688                        930 

Dakota  Dent 3.125  1.500  1,625 

Early  Huron 5,625  1,750  3,875 

Gold  Mine 8,625  2,375  6,250 

Grafflin 5,875  2,250  3,625 

King  of  the  Earliest.  8.125  1,375  6,750 

Silver  Mine 11,875  2.250  9,625 

Red  Cob 12.125  375  11,755 

Learning 7^65  1,448  5.917                        642 

Cuban   Giant 8,375  750  7,625 

Giant  Mexican 9,750  

Evergreen 4.500  500  4,000 

Blount's  Mammoth..  5.875  

VARIETlf  TESTS  OF  CORN,  AVERAGE  OP  1894-1898. 

Flint  Corn- 
Golden  Dew  Drop. .  17,800 

Wiira  Gehu 10,458 

King  Philip 17,150 

Sanford 16,625 

Longfellow 16.634 

Minn.  King 13.600 

White  Australian...  17,894 

Angel  of  Midnight..  13,400 
Yellow  Australian . . .     8,750 

Colorado  White 26,350 

Brazilian  Flour 28,000 

Squaw  Corn 6,271 

Compton's  Early 12,375 

Earliest  Ripe 4,416 

Early  Canada 12,666 

Minn.  White  Flint...  17,666 

Red-blazed 8,250 

Pride  of  Canada 11,813 

White  Flint 14,583 

Dent  Corn — 

Queen  of  the  Field..  21,167 

Huron 14,115 

White  Pearl 18,867 

Wis.  Yellow  Dent...  21.600 

Pride  of  the  North..  16,536 

Cttl.  Yellow 22,400 

Mastodon 19,483 

Chester  Co.  Mam...  21.2CK)  

Red  Cob 25,772  3,953  21,819  2,3a3 

Champ  Co.  Prolitic. .  23,000  

Learning 19,259  3,547  15,712  1.601 

GiantFodder :i5,000  

Va.  Mammoth 20,800  

King  of  the  Earliest.  16,203  2,981  14,222  1.667 

Gold  Mine 15.365  3,731  11.634      _  1.417 

White  Cap  Dent ....  20,850  3,000  J?^,^,  ,^  GoOgk' ' 


3.723 

14,808 

1,798 

4.250 

6,208 

2.857 

3.510 

13,640 

1.464 

3,593 

13,032 

1,492 

2,536 

14,098 

1,185 

3,400 

10.200 

1,176 

5,644 

12,250 

2.625 

2,296 

11,104 

1,025 

3,500 

5,2.M) 

1,100 

4,550 

21,800 
28.000 

1,400 

3,125 

3.146 

2,08.3 

2,084 

10.291 

1,417 

2,083 

2.3a3 

1.250 

2,8a3 

9,8as 

;,333 

4,583 

13.083 

2,250 

1,500 

6.750 

750 

2,125 

9,688 

1.167 

3,250 

1133:J 

1.167 

6,017 

15,150 

2,218 

3,639 

10,476 

2,121 

3,823 

15,044 

1,954 

5,900 

15,700 

2,167 

3.904 

12,632 

1,639 

6,250 

16,150 

1,926 

2.500 

16,983 

1.000 
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Variety.           "^ 

otal  Crop 

Green  Ears 

Green  Stover 

Shelled  Corn 

per  aore. 

per  acre. 

per  acre. 

per  acre. 

Grafflin 

.  12,927 

3,146 

9.781 

1,800 

RUey'B  Favorite.... 

.  19,650 

2,700 

16.850 



Giant  White  Dent. 

.  17,500 

1,900 

15,600 

250 

Conqueror 

.  10,700 

1,250 

9.450 

Mam.  Cuban 

.  20,750 

4,800 

15.950 

1.966 

Mammoth  Red 

.  19,750 

3.850 

15,900 

Giant  Mex.  June... 

.  37,942 

37,942 

Swadley 

.  11,467 

3,983 

7.484 

1,792 

Golden  Row 

.  25,850 

44200 

21.650 

1,900 

Golden  Beauty 

.  23,425 

4,264 

19.161 

1.209 

Neb.  White  Prize.. 

.  20.050 

3.150 

16,900 

750 

Early  California... 

.  22,550 

3350 

18,700 



Golden  Seal 

.  ia.4fo 

4300 

14,150 

1.300 

Hatbaway's    Yellow 

Dent 

.  18,400 

7.300 

11.100 



Everg^reen  Sweet . . . 

.   15,367 

2,150 

13.217 

625 

Dakota  Dent 

.     9,264 

2.861 

6,403 

1,658 

Iowa  Silver  Mine.. 

15,271 

2,709 

12.562 

1,167 

Cuban  Giant 

.  12.854 

1,334 

11,520 

500 

Blount's  Mammoth. 

.  15,021 

4.500 

10.521 

1,250 

D — NUMBER   OF   STALKb   IN   A   HILL. 

The  effect  on  the  yield  of  the  corn,  of  a  different  num- 
ber of  stalks  in  a  hill,  was  noted  two  different  years.  The 
first  year  the  crop  was  rather  larger  than  an  average  crop 
in  this  part  of  Colorado.  The  number  of  stalks  in  each  hill 
was  counted  and  the  weight  of  each  hill  recorded.  Omitting 
the  outside  rows  leaves  320  hills,  which  were  divided  as 
follows: 


No.  of  Btalks  Per 
Hill 

No.   of   Hills 

containing 

this  No.  of 

Htalks 

Per  Cent  of 

Total  No.  of 

Hills 

Total  Weight 

Ayerage 

Average 

WeightPer 

Stalk 

0 

7ti 

24 

0 

0 

0 

1 

22 

7 

60 

2.7 

2.7 

2 

30 

9 

133 

4.4 

2.2 

3 

52 

16 

284 

5.5 

1.8 

4 

5(5 

17 

897 

7.1 

1.8 

5 

47 

15 

875 

8.0 

1.6 

« 

29 

9 

280 

9.0 

1.5 

7 

0 

2 

53 

9.0 

1.3 

8 

1 

0 

11 

11.0 

1.4 

Av.  and  Total.. 8 

320 

100 

1513 

4.7 

1.8 

OmittiDff  miss- 
ing hillB 4 

244 

1513 

6.2 

1.6 
r^             T 
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It  will  be  noted  that  as  the  number  of  stalks  in  a  hill  in- 
creases, the  size  of  each  stalk  diminishes,  but  the  increase  in 
number  much  more  than  overbalances  the  decrease  in  size 
and  the  weight  of  the  hill  is  greater  the  larger  the  number 
of  stalks.  A  hill  containing  six  stalks  \yeighs  much  more 
than  a  hill  of  one  stalk,  but  instead  of  weighing  six  times  as 
much,  it  weighs  a  little  more  than  three  times  as  much. 

The  same  principle  is  seen  the  second  year  when  a 
larger  number  of  hills  was  weighed  from  a  field  having 
rather  less  than  an  average  crop  in  size. 


No.of|Uik.Per 

No.   of  HiUfl 

containing 

this  No.  of 

Stalks 

Per  Cent  of 

Total  No.  of 

Hills 

Total  Weight 

Arerage 

Weightier 

Hill 

wtSht*?er 
Btalk 

0 

1C7 

14 

0 

0 

0 

1 

58 

7 

07 

1.7 

1.70 

2 

180 

16 

339 

8 

1.50 

8 

271 

86 

1063 

8.9 

1.80 

4 

162 

21 

687 

4.2 

1.05 

5. 

46 

6 

248 

5.8 

1.06 

tf 

10 

1 

62 

6.8 

1.06 

Average  and  Total, 

784 

100 

2688 

8.5 

1.22 

Omitting  miiising 
hillfl    

677 

86 

2588 

4.1 

1.22 

There  is  no  indication  in  the  figures  of  either  year  as 
given  in  this  form  that  the  increase  could  not  go  on  indefi- 
nitely. The  larger  the  number  of  stalks  the  larger  the 
weight  of  the  hill  seems  to  be  the  rule.  But  there  really  is 
a  limit.  If  each  hill  was  by  itself  with  plenty  of  space  on  all 
sides,the  above  rule  would  be  true.  When,  however,  the 
hills  are  only  three  feet  apart,  as  was  the  case  in  these 
fields,  there  is  room  for  only  a  certain  number  of  stalks  to 
grow  and  develop  on  a  given  area.  The  addition  of  one 
more  plant  to  a  hill  not  only  decreases  the  size  of  the  other 
plants  in  that  hill,  but  it  also  decreases  the  size  of  each  of 
the  four  hills  surrounding  it.  If  these  several  losses  amount 
to  more  than  the  weight  of  the  extra  plant,  then  its  presence 
in  the  field  is  a  positive  loss.  For  each  field  there  is  such  a 
point  and  when  that  point  is  reached  is  the  number  of  stalks 
per  hill  that  gives  the  largest  yield  of  crop  per  acre.  To 
learn  what  this  number  is,  the  number  of  stalks  in  the  four 
hills  next  to  each  hill  was  then  counted  and  the  weight  of 
the  hill  recorded.  Combining  these  data  and  interpolating 
to  get  even  numbers,  gives  the  results  below;  ibyGooglc 
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No.  of 

Average  !* 

Co.  of 

Weight  of 

Weight 

stalks  in 

BtalkB 

iu 

the  4 

ihH  hill 

per  acre 

a  hill. 

hills  about  it. 

lbs. 

tone. 

1 

1 

3.5 

8.7 

3 

2.(5 

6.2 

o 

2 

4.G 

11.5 

3 

4.5 

11.2 

3 

3 

5.4 

13.5 

4 

4.6 

10.5 

4 

3 

6.8 

17.0 

4 

6.2 

15.5 

5 

5.9 

14.7 

5 

3 

8.0 

20.0 

4 

8.0 

20.0 

5 

7.6 

19.0 

6 

5 

7.3 

18.2 

6 

7.0 

17.5 

From  the  last  table  we  can  estimate  the  yield  per  acre 
from  the  different  number  of  stalks  in  a  hill: 

6  stalks  per  hill  give  a  crop  of  17.5  tons  per  acre 


5 
4 
3 
2 

I 


19.0 
15.5 
13.5 
11.5 
8.7 


Half  4  stalks  and  half  5  stalks  17.0 

If  the  hills  are  equally  divided  among  the  different 
numbers  from  one  to  six,  the  resulting  crop  would  be  about 
14.0  tons  per  acre. 

These  figures  show  that  in  this  field  the  largest  crop 
would  be  obtained  from  five  stalks  in  each  hill.  If  a  hill 
contained  six  stalks,  with  five  stalks  in  each  hill  surrounding 
it,  the  extra  stalk  caused  a  net  loss  of  about  a  third  of  a 
pound  per  hill,  showing  but  slight  loss,  while  if  it  contained 
four  stalks,  or  one  less  than  the  best  number,  the  net  loss 
was  1.7  pounds  per  hill. 

The  next  year  shows  some  unexpected  figures.  It  had 
been  supposed  that  with  a  lighter  crop  of  smaller  stalks,  the 
field  would  support  a  greater  number  of  stalks,  but  the 
figures  do  not  seem  to  warrant  this  conclusion. 


No.  of 

Average  No.  of 

Weight  of 

Weight 

stalks  in 

stalks 

10  the  4 

tbe  hill 

per  acrt> 

a  hill. 

hills  around  it. 

lbs. 

tons. 

1 

1 

2.12 

5.3 

3 

1.57 

3.9 

2 

2 

3.31 

8.3 

3 

2.80 

7.0 

3 

3 

3.94 

9.8. 

4 

3.45 

8.6 

4 

3 

4.66 

11.6 

4 

4.57 

11.4 

5 

4.21 

10.5 

5 

3 
4 

5.01 
4.52 

12.5 

5 

3.87 

Digitized  by  V^CjpU 

Farm  Notes.  27 

It  is  evident  here  that  the  largest  crop  is  one  that  has 
four  stalks  in  each  hill,  since  the  weights  with  the  different 
numbers  of  stalks  give: 

5  stalks  per  hill  give  a  crop  of    9.7  tons  per  acre 
4     *•  **  "  **  11.4      " 

3     '*  *'  '*  *'  Q.8      *' 

^        t(  tt  n  n  Q   ^  i<  i( 

2  5.3 

.i  it  «l  U  -      ^  <(  <4 

Since  this  field  gives  a  smaller  crop  per  acre  from 
smaller  stalks,  and  yet  gives  a  larger  return  from  four 
stalks  in  a  hill  than  from  five  stalks,  it  cannot  be  said  that  it 
is  always  better  to  have  less  stalks  in  a  hill,  the  larger  the 
variety  of  corn. 

Since  these  two  crops  represent  a  good  share  of  the 
crops  of  northern  Colorado,  it  can  be  said  that  where  corn 
is  raised  for  fodder  four  or  five  stalks  in  a  hill,  if  the  hills 
are  three  feet  apart  each  way,  gives  the  largest  crop  per 
acre. 


E — MISSING  HILLS  IN  A  CORN  FIELD. 

One  of  the  largest  sources  of  loss  in  the  cornfield  is 
hills  without  any  stalks.  In  the  field  of  corn  grown  the  first 
year,  it  was  thought  that  there  were  not  enough  hills  miss- 
ing to  pay  for  replanting,  but  when  harvest  came,  the  count 
showed  24  per  cent  missing  or  a  loss  in  this  field  of  about 
two  and  half  tons  of  fodder  corn,  or  much  more  than 
enough  to  have  paid  for  the  replanting. 

In  figuring  the  loss  from  a  missing  hill,  two  items  have 
to  be  taken  into  account,  the  loss  from  the  hill  itself  and 
the  gain  to  the  hills  around  it. 

The  first  is  easily  told  by  taking  the  average  weight  of 
the  hills  which  are  surrounded  by  four  full  hills.  The 
second  is  not  so  easy  to  ascertain.  One  way  of  estimating 
is  to  get  the  average  weight  of  those  hills  that  are  next  to 
a  missing  hill  and  compare  this  weight  with  the  weight 
where  the  hills  are  full. 

In  the  field  the  first  year  there  were  1 14  hills  which  had 
a  missing  hill  on  one  side  of  them,  with  an  average  weight 
6.8  pounds.  The  122  hills  that  were  surrounded  by  complete 
hills  average  6.0  pounds.  This  indicates  an  average  gain  of 
0.8  pounds  to  each  of  the  four  hills  surrounding  a  missing 
hill  or  a  total  gain  of  3.2  pounds.  But  since  the  average 
weight  of  the  hill  in  this  field  was  6.0  pounds,  each  hill  that 
was  missing  meant  a  loss  of  6.00  pounds  and  a   gain  of  3.2- 


28  Bulletin  57. 

pounds  or  a  net  loss  of  2.8  pounds  which  is  equal  to  47  per 
cent. 

The  same  thing  was  tried  in  another  field  of  much 
heavier  corn.  The  165  hills  surrounded  by  four  full  hills 
averaged  lo.ii  pounds  each  or  fully  twenty-five  tons  of 
fodder  corn  per  acre.  The  248  hills  that  were  next  to  a 
missing  hill  averaged  10.77  pounds;  a  gain  of  0.66  pounds 
for  each  of  the  four  surrounding  hills,  making  a  gain  of  2.64 
pounds.  The  loss  for  each  missing  hill  is  lo.ii  pounds  and 
the  gain  2.64  pounds,  at  a  net  loss  of  7.47  pounds  or  74  per 
cent. 

Another  field  of  rather  light  corn  gave  somewhat 
different  results.  The  216  hills  near  a  missing  hill  weighed 
4.27  pounds  and  the  392  hills  fully  surrounded  weighed  3.52 
pounds  each.  Here  is  a  gain  of  four  times  0.75  pounds  or 
^.00  pounds  as  compared  with  a  loss  of  3.52  pounds  or  a  net 
Toss  of  but  0.52  pounds  equal  to  15  per  cent. 

The  three  fields  show  most  widely  different  results  and 
it  is  evident  that  these  differences  are  due  to  the  different 
vigor  in  the  growth  of  the  crop.  When  a  crop  is  of  such  a 
large  rank  growing  variety  as  in  the  second  case,  and  there 
are  stalks  enough  in  the  hill  to  produce  the  maximum 
growth,  the  ground  is  so  full  of  roots,  that  even  the  loss  of 
a  hill  does  not  open  up  enough  extra  ground  to  add  much 
to  the  weight  of  the  surrounding  hills  compared  with  the 
large  growth  there  already.  While  in  a  field  with  a  small 
crop  the  result  is  relatively  larger.  In  absolute  weight  of 
effect,  a  missing  hill  has  closely  the  same  result  in  all  three 
fields.  In  the  field  with  the  light  crop  it  makes  a  gain  of 
0.75  pounds  for  each  of  the  four  hills  surrounding  it;  in  the 
field  of  medium  growth  the  gain  is  0.80  pounds  per  hill  and 
in  the  field  with  the  very  heavy  growth  0.66  pounds  per  hill. 
The  average  of  these  is  0.74  pounds  for  each  hill  or  about 
3.00  pounds  for  the  four  surrounding  hills.  It  can  be  said 
then  that  in  general  a  missing  hills  makes  a  gain  of  about 
three  pounds  of  cornfodder  in  the  weight  of  the  surrounding 
hills  and  a  loss  of  the  weight  of  an  average  hill  of  the  field. 
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in.    POTATOES- 


A — ALKALFA  SOD  COMPARED   WITH  OLD  LAND. 

A  test  was  made  of  potatoes  on  alfalfa  sod  as  compared 
with  ^ood  land  that  had  been  manured  two  years  before 
and  raised  one  crop  of  grain  and  one  of  corn.  There  were 
nine  plots  of  each  and  though  the  plots  are  quite  variable, 
in  each  case  the  alfalfa  sod  gives  a  larger  yield  than  the 
old  ground.  In  the  plots  which  are  the  nearest  alike,  the  yield 
from  alfalfa  sod  is  not  quite  twice  that  from  the  old 
ground,  while  in  two  other  plots  it  is  five  times  as  much. 
The  average  is  about  three  to  one,  being  3601  pounds  of 
merchantable  potatoes  from  the  alfalfa  sod  and  but  .1277 
pounds  from  the  old  ground. 


B — EXrERTMENTS  WITH  FERTILIZERS, 

Experiments  in  fertilizing  the  ground  for  potatoes  were 
made  with  a  complete  fertilizer  and  with  kainit,  sulphate  of 
potash  and  muriate  of  potash.  The  complete  fertilizer  was 
bought  in  Denver  at  forty  dollars  per  ton;  the  potash  salts 
came  from  the  Potash  Trust  of  New  York  City.  The 
fertilizer  was  applied  at  the  rate  of  four  hundred  pounds  per 
acre. 

Plot. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

Combining  the  plots  gives  the  following  averages  : 

Digitized  by  VjOOQIC 


Fertilizer. 

Yield  of  potatoes. 

Nothing 

431 

Sulphate  of  potash 

430 

Muriate  of  potash 

488 

Complete  fertilizer 

576 

Kainit 

6(55 

Nothing 

689 

Sulphate  of  potash 

628 

Muriate  of  potash 

610 

Conoplete  fertilizer 

409 

Kainit 

383 

Nothing 

273 
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Sulphate  of  potash 1058  pounde 

Muriate  of  potash 1098        ** 

Complete  fertilizer 985 

Kainit 1048 

Nothing 896 

Average  of  fertilized  plots 1047 

Average  of  unfertilized  plots 896 

Gain  from  fertilization 14  per  cent. 

Under  ordinary  prices  this  gain  of  fourteen  per  cent 
would  just  about  pay  the  cost  of  the  fertilizer,  but  it  is 
evident  that  part  of  the  difference  in  crop  is  due  to  differ- 
ences in  the  character  of  the  ground,  so  that  it  would  be 
hardly  safe  to  say  that  the  whole  of  the  gain  of  fourteen 
.per<:ent  was  due  to  the  fertilizer. 


IV.    SUGAR  BEETS. 


A — SUBSOILING   FOR   SUGAR   BEETS. 

A  test  was  made  of  the  effect  of  subsoiling  the  land  for 
sugar  beets  as  compared  with  simple  plowing.  The  subsoil- 
ing was  done  with  a  Secretary  plow  to  the  depth  of  fourteen 
inches,  the  rest  was  plowed  eight  inches  deep  with  a  com- 
mon stirring  plow.  The  field  was  divided  into  six  equal 
strips,  alternately  plowed  by  the  two  methods.  The  field 
was  subsoiled  in  May  and  planted  the  same  day.  The  re- 
sults are  given  in  the  following  table: 


Plot. 

Treatment. 

Crop  Per  Plot. 

1 

Plowed 

2960 

2 

Subsoiled 

6880 

3 

Plowed 

5860 

4 

Subsoiled 

4554 

5 

Plowed 

4010 

6 

Subsoiled 

4400 

The  average  of  the  three  plots  merely  plowed  is  a  crop 
of  4287  pounds  of  sugar  beets,  while  the  three  plots  subsoiled 
gave  a  crop  of  5278  pounds.  This  is  an  apparent  increase  of 
23  per  cent  as  the  result  of  subsoiling. 

A  second  trial  made  in  the  same  way  with  four  plots 
gave 

Mot.  Treatment. 

2340 
2300 
1470 
1956 

The  average  of  the  plowed   plots  is  1905  pounds>and  of 
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Plot. 

Treatment. 

1 

2 
3 
4 

Plowed 
Subsoiled 
Plowed 
Subsoiled 
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the  subsoiled  2128  pounds,  being  a  difference  of  12  per  cent 
in  favor  of  the  subsoiled. 

The  average  of  the  whole  ten  tests    is  18  per  cent  gain 
in  weight  of  the  crop  as  the  result  of  subsoiling. 


B— SUGAR    BEETS    IN    COLORADO    IN    iSqQ. 

The  results  of  the  experiments  with  sugar  beets  in  1897 
and  1898  have  already  been  published  in  former  bulletins  of 
this  Station.  In  1899  the  work  was  not  conducted  on  so 
large  a  scale.  It  was  considered  that  the  results  of  1898 
showed  beyond  a  shadow  of  a  doubt  that  there  were  large 
areas  in  Colorado  that  were  adapted  to  the  raising  of  large 
crops  of  excellent  beets  for  factory  use  and  that  therefore 
there  was  no  further  need  of  making  general  distributions 
of  seed  for  testing  this  point. 

The  questions  to  be  considered  hereafter  are  the  more 
special  points  of  how  to  handle  the  crop  to  get  the  best  re- 
sults. The  season  of  1899  was  devoted  to  the  study  of  ques- 
tions concerning  the  proper  time  to  plant,  the  best  distance 
between  the  rows  and  whether  or  not  the  seed  should  be 
irrigated  at  the  time  of  planting.  With  regard  to  the  first, 
the  results  are  decisive  and  that  question  may  be  considered 
as  settled.  The  second  was  decided,  so  far  as  the  test  went, 
but  the  problem  is  yet  left  of  still  closer  distances.  The 
third  problem  was  not  solved  and  it  remains  as  one  of  the 
two  large  problems  yet  to  be  attacked  in  Colorado.  The 
solving  of  either  would  mean  a  gain  of  more  money  each 
year  to  Colorado  than  the  total  received  from  the  govern- 
ment for  carrying  on  experimental  work.  The  first  problem, 
broadly  stated,  is:  How  shall  the  irrigation  water  be 
handled  to  obtain  a  full  stand  of  beets.  The  second  prob- 
lem is  at  the  other  end  of  the  season:  What  can  be  done  to 
make  the  beets  ripen  thoroughly? 

I.   TIME   OF    PLANTING. 

Seed  was  sent  to  several  parties  representing  the  princi- 
pal beet  growing  sections  of  the  State  with  the  request  that 
they  make  four  plantings  conforming  as  nearly  as  convenient 
to  the  dates  April  15,  Mav  1,  May  15  and  June  i.  The  work 
was  done  on  small  plots  so  as  to  eliminate  so  far  as  possible 
differences  of  soil  and  irrigation  and  to  allow  the  work  to  be 
done  with  great  care.  The  returns  show  that  the  stanci  of 
beets  was  almost  perfect  in  every  case  and  that  the  crops 
were  large  in  quantity  and  of  good  quality. 

The  first  table  gives  the  facts  concerning  th^planting 
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and  the  second  the  returns  of  the  harvest.  The  rows  in 
each  case  were  twenty-four  inches  apart.  In  this  test  and 
in  all  the  others  the  seed  was  sent  to  the  growers  from  the 
College  and  was  in  each  case  the  Zehringen  furnished  by 
the  Department  of  Agriculture  at  Washington. 

BECORD8  OF  PLANTING. 


Name 


W.  D.  Parraenter 

C.H.Miller 

H.  T.  Gravestock 

C.  H.  Gravestock 

J.  M.  Mortimer 

Adam  May 

Martin  Nelson 

I.  W.  Clapper 

F.  Niemeyer 

D.  G.Edgerton 

Arkansas  Valley  Sabstation. 
Agricaltaral  College 


Average  . 


Place 


Lamar 

Antlers 

Canon  City . 


Debeqae  — 

Greeley 

Loveland 

Evans  

Carbondale.. 
Kocky  Ford. 
Fort(3ollins. 


DATE  OF  BACH   PLANTING. 


First 


Second 


April  10 

"  26 

•»  20 

*•  20 

•*  !.•> 

**  15 

*•  24 

"  20 

'*  20 

"  20 

..  17 

"  18 


May 


April  1ft 


Third    '   Fourth 


May    !.■) 
"       20 

'*       15 


May     5 


June  1 
1 
1 

May   31 


Jane  1 
"  10 
"  10 
"  10 
■*       10 

May    81 


May    18     Jane    4 


Date  of 
harvest 


Nov.  10 
"  20 
Oct.  81 
Nov.  2 
Oct.  2V 
Nov.  13 
Oct.  31 
Nov.  10 
Oct.  24 
Nov.  9 
Oct.  21 
"   21 


Nov.  4 


RECORDS  OF  HARYESTIlNG. 


Name 


M.  D.  Parmenter 

CH.  Miller 

HT.  Gravestock 

C.  £1.  Gravestock 

J.  M.  Mortimer 

Adam  May 

Martin  Nelson 

I.  W.  (vlapper 

F.  Niemeyer 

D.  G.  Edgerton 

ArKanbas  Valley  Substation . 
Agricaltaral  (college 


Average  12  trials. 


Average  10  trials., 


i 


Place 


WEIGHT  OF  CROP  IN  IONS  PER  AOBK 
FOB  EACH  PLANTING. 


Lamar 

Antlers 

Canon  City . 


First 


Debeqae 

G  reeley 

Loveland .... 

Evans  

C'arbondale  . 
Rocky  Ford. 
Fort  Collins. 


89.9 
9.3 
23  .^ 
11.8 
27.7 
30.3 
27.0 
27.2 
6.3.3 
13.3 
15.2 
23.8 


26.2 


27.7 


Second 


30.2 
10.2 
24.7 
17. 5 
18. « 
29.2 
23.8 
17.0 
54.4 
8.7 
ltJ.6 
20.9 


Third 


Fourth 


a:3.6 
9.9 
12.2 
10.9 


22.2 
24.8 


27.8 

12.6 
10.2 
Did  not  grow 

28.1 
10.9 

B.I 
43.5 

8.0 
26.0 
23.7 


20.4 


24.5 
9.5 
5.6 

82.6 
8.6 

18.9 

20.0 


"> 

15.3    ^ 
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The  results  are  surprisingly  conclusive.  They  show  in 
the  strongest  manner  the  advantage  of  early  planting.  And 
by  early  planting  as  used  here  is  meant  very  early  planting, 
much  earlier  than  has  heretofore  been  considered  safe. 

From  the  financial  side  no  argument  could  be  stronger 
in  favor  of  early  planting  than  these  results.  The  planting 
of  April  averages  27.7  tons  per  acre,  with  a  steady  decrease 
to  15.3  tons  for  the  first  of  June.  It  has  usually  been  con- 
sidered that  from  May  10  to  May  20  was  the  best  time  to 
plant  beets  in  Colorado.  The  difference  bet\veen  the  first 
and  third  plantings  is  7.3  tons  per  acre,  which  means  a  loss 
of  $31.00  per  acre  by  the  late  planting. 

The  results  at  F*ort  Collins  show  strikingly  how  much 
cold  the  sugar  beet  plant  can  stand  and  thrive.  The  first 
planting  was  made  April  18.  The  ground  was  in  fine  moist 
condition  from  a  heavy  rain  and  the  beets  germinated  at 
once.  The  nights  were  cold,  i.  e.  below  freezing,  until  April 
24;  then  followed  a  week  of  warm  weather  with  four  frost- 
less  nights.  The  first  week  in  May  was  cold  and  on  May 
4,  the  temperature  fell  to  nine  degrees  below  freezing. 
The  beets  were  not  at  all  injured  by  the  cold  and  made 
the  most  nearly  perfect  stand  and  the  largest  crop  of  all  the 
different  plots  grown  on  the  farm  that  year. 

Such  a  test  as  this  is  not  complete  until  it  is  known 
whether  or  not  the  date  of  planting  has  influenced  the 
quality  of  the  beet  either  in  sugar  or  purity. 

Through  the  courtesy  of  the  Division  of  Chemistry  of 
the  Department  of  Agriculture  at  Washington,  most  of  the 
analyses  of  the  beets  were  made  by  them.  The  beets  were 
carefully  wrapped  in  oiled  paper  and  sent  by  mail.  In  several 
cases  the  beets  were  weighed  before  sending  and  then 
weighed  in  Washington  before  analyzing  to  determine  the 
amoimt  they  had  dried  out.  The  loss  was  surprisingly 
small.  The  average  was  less  than  three  per  cent  of 
shrinkage.  The  analyses  are  given  as  made  on  the  samples 
as  they  were  analyzed  at  Washington  and  are  therefore 
this  small  amount,  about  one  thirtieth,  too  high.  We  are 
indebted  to  the  Colorado  Sugar  Co.,  of  Grand  Junction, 
Colorado  for  the  analyses  of  nearly  a  hundred  samples  of 
beets  grown  on  the  College  Farm  at  Fort  Collins.  In  these 
cases  the  shrinkage  in  shipping  the  samples  was  very  care- 
fully noted  and  the  analyses,  as  given  later,  are  all  corrected 
to  indicate  the  condition  of  the  beets  when  harvested. 
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Name 


M.  D.  Parmenter.. 

C.  H.  MiUer 

H.T.  UrayeBtock. 
G.  H.  Grayeatock. 
J.  M.  MorUmer. . 

Adam  May 

Martin  Nelaon  .... 
J.  W.  Clapper  .... 
F.  Niamey  er 

D.  O.  Edgerton  ... 


Lamar 

Antlers 

Canon  ('ity . 


Ayerage  . 


Place 


Debeqne  .... 

Greeley 

Loyeland... 

Eyana  

Garbondale. 


First 


11.2 
14.5 

17. r> 

19.4 
16.8 
12.4 
17.0 
14.2 
IS. 8 
14.7 


15.2 


75.7 
79.3 
84.0 
88.8 
84.8 
76.5 
84.0 
84.2 
81.0 
88.3 


Second 


82.1 


Sa 


14.0 
14.1 
20.a 
18.0 
17.9 
14.8 
15.1 
16.0 
14.2 
15.1 


15.96 


V 


79.9 
77.9 

88.4 

89.1 
85.1 
82.9 
88.8 

82.8 
88.7 
85.0 


88.8 


Third 


SQd 


10.5 
15.8 
19.6 
19.5 


18.6 
16.7 
16.8 
14.8 
15.2 


15.7 


71.9 
82.2 
86.9 
90.8 


77.7 
85.9 
85.1 
78.9 
86.5 


82.4 


Fourth 


H 


11.1 


20.5 
17.1 


11.6 
16.2 
18.6 
16.6 
14.1 


15.6 


i? 

•c 

& 


76.7 


90.8 
85.S 


78.6 
86.7 
76.5 
85.8 
84.1 


80.6 


It  will  be  noticed  that  there  is  scarcely  any  difference 
in  the  average  analysis  of  the  crops  from  the  different 
plantings. 

The  second  planting  averages  a  trifle  the  best  in  both 
sugar  and  purity,  but  not  anywhere  near  enough  to  offset  the 
much  larger  yield  of  the  earlier  planting. 

It  can  be  said  that  taking  into  account  all  the  factors  of 
•the  problem  there  is  a  decided  advantage  in  early  planting; 
it  gives  a  better  stand,  produces  a  larger  crop  and  this  crop 
is  of  good  quality  in  sugar  and  purity. 

For  the  sake  of  convenience  in  thinning  the  beets  it  is 
not  advisable  to  plant  all  the  crop  at  one  time.  The  best 
way  is  to  plant  a  third  of  the  ground  as  early  as  possible,  as 
early  as  one  can  be  sure  of  water  to  irrigate  up  the  seed  if 
necessary  and  as  soon  as  it  seems  warm  enough  to  germinate 
the  seed.  Then  put  in  the  second  third  as  soon  as  the  first 
planting  appears  above  the  ground  and  the  last  within  the 
next  ten  days. 

2.    DISTANCE    BETWEEN    ROWS. 

Where  sugar  beets  are  raised  by  the  natural  rainfall  it 
is  customary  to  plant  the  rows  as  close  together  as  it  is 
possible  to  get  a  horse  through  them  to  cultivate.  The 
present  writer  has  seen  a  hundred  acre  field  of  ^ets  ip 
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Nebraska  where  the  rows  were  but  fourteen  inches  apart. 
Many  experiments  have  shown  that  a  sugar  beet  to  do  its 
best  needs  one  square  foot  of  ground.  If  then  the  rows 
could  be  made  twelve  inches  apart  and  the  beets  thinned  to 
twelve  inches  in  the  row  we  should  have  the  largest  possible 
crop  per  acre  of  the  highest  sugar  and  purity. 

Where  the  beets  are  raised  by  irrigation  the  rows  must 
be  far  enough  apart  to  allow  an  irrigating  furrow  to  be  run 
between.  It  will  not  do  to  allow  the  water  to  run  against 
the  beet  itself,  because  it  injures  the  crown  of  the  beet  and 
lowers  the  sugar  and  purity.  The  water  must  be  kept  in  the 
furrows  and  the  sides  of  the  furrow  made  high  enough  to 
carry  the  water  over  any  small  irregularities  m  the  surface, 
the  water  soaking  sideways  through  the  ground  to  the  beet. 
If  the  surface  of  the  land  was  an  absolute  plane,  a  furrow 
three  or  four  inches  deep  would  be  an  abundance  and  such  a 
furrow  could  be  made  in  rows  eighteen  inches  apart.  In 
our  tests  on  the  College  farm  we  have  grown  many  fields  of 
beets  successfully  in  eighteen  inch  rows  where  the  land  was 
in  the  best  possible  condition.  But  where  the  land  is  not 
properly  smoothed,  an  eighteen  inch  space  in  not  enough  to 
throw  up  a  furrow  high  and  deep  enough  to  keep  the  water 
off  the  beets.  Under  most  conditions,  with  gently  sloping 
or  nearly  flat  ground  and  long  rows,  twenty-four  inches 
apart  is  none  too  much  for  ease  in  irrigating.  The  twenty- 
four  inch  row  will  not  raise  so  large  a  crop  per  acre  as  the 
eighteen  inch  row. 

A  set  of  experiments  was  made  to  determine  whether  it 
is  possible  to  get  the  benefit  of  the  large  space  for  furrow- 
ing and  irrigating  while  at  the  same  time  obtaining  as  large 
a  crop  as  would  be  gotten  from  rows  close  together.  The 
rows  were  planted  alternately  eleven  and  twenty-seven 
inches  apart.  All  the  irrigating  was  done  in  the  twenty- 
seven  inch  space,  while  the  beets  on  the  two  sides  of  the 
eleven  inch  space  were  so  near  together  that  after  the  thin- 
ning and  the  first  hoeing,  they  shaded  this  small  space  and 
it  required  no  further  attention.  The  two  rows  together  oc- 
cupied thirty-eight  inches,  an  average  of  nineteen  inches 
per  row.  These  plots  were  planted  side  by  side  with  those 
in  which  all  the  rows  were  twenty-four  inches  apart  and 
which  were  irrigated  between  each  row.  This  second 
method,  and  also  the  method  of  eighteen  inch  rows,  require 
twice  as  many  irrigating  furrows  as  the  twenty-seven  and 
eleven  inch  furrows. 
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The  results  are  given  below. 

DIBTANCB  BETWEEN  UOWS. 


Namo 


M.  D.  Parmenter 

C.  H.Miller 

H.T.  OraTetttock 

C.  H.  (iraveatock 

J .  M.  Mortimer 

Adam  May 

Martin  Nelaou 

I.  W.  Clapper 

F.  Niemeyer 

D.(t.  Bdgerton 

Arkansas  Valley  Babstation . . 
Agricultaral  College 


Average . 


Place 


Lamar 

Antlers , 

Canon  City. 


Deb<>qae 

Greeley 

Lnvcland 

Evans 

Carbondale... 
Rocky  Ford. 
Fort  Collins  , 


WEIGHT,  OBOP,  TOMB  PBB  AOBX. 


Uows  24  inches 
apart 


80.9 
10.2 
25.1 
14.2 
1S.6 
27.6 
25  !) 
15.1 
54.2 
9.8 
16.8 
19.8 

21.9 


Bows  27  and  11 
inches  apart 


40.8 
13.8 
26.4 
14.3 
24.8 
S5.8 
81.2 
13.6 
66.0 
18.2 
17.8 
22.1 


B.71 


The  results  are  strongly  in  favor  of  the  twenty-seven 
and  eleven  inch  rows.  It  is  not  claimed  that  this  method 
will  give  a  larger  yield  per  acre  than  all  eighteen  inch 
rows,  but  it  is  believed  that  it  will  give  just  as  large  a  yield 
and  can  be  profitably  used  on  ground  where  it  would  be  very 
difficult  to  use  the  eighteen  inch  row.  The  twenty-seven 
inch  row  is  so  wide  that  it  allows  an  abundance  of  space  to 
put  in  a  big  furrowing  plow,  use  a  good  head  of  water  and 
run  a  given  stream  a  long  distance — in  other  words,  do  a 
good  thorough  job  of  irrigating. 

3.    IRRIGATING    THE    SKED. 

This  is  the  most  troublesome  problem  before  the  Colo- 
rado sugar  beet  raiser  at  the  present  time.  If  all  seasons 
were  the  same  in  the  rainfall,  the  problem  would  soon  be 
solved.  The  years  1894  and  iqoo  show  the  possible  ex- 
tremes in  this  matter.  In  1894  wheat  that  was  sown  the 
fall  before  did  not  germinate  until  the  ground  was  irrigated 
the  last  week  in  May.  and  yet,  wheat  requires  much  less 
moisture  to  germinate  than  beet  seed.  In  1900  the  month 
of  April  was  as  wet  out  here  in  the  arid  region  as  it  usually 
is  along  the  Atlantic  or  Gulf  coasts.       The  ground  (WjA|j4gft> 
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wet  to  be  worked,  and  the  beets  put  in  the  first  week  of  May 
made  an  absolutely  perfect  germination  without  irrigation. 

The  year  1899  may  be  considered  3.  fairly  normal  year 
for  the  earlier  plantings  and  rather  dry  for  the  later.  The 
tests  of  irrigating  up  the  seed  were  made  about  the  first  of 
May,  when  the  conditions  were  not  far  from  an  average. 
The  plots  were  all  planted  on  ground  that  had  not  been 
irrigated,  and  then  half  of  them  were  allowed  to  depend  on 
rain  for  the  water  necessary  to  germinate  the  seed,  while 
the  other  half  was  irrigated  the  same  day  the  seed  was 
planted. 

The  following  table  shows  the  results  of  the  two 
methods: 


IBKIGATINO  THE  SEED. 


Name 


Place 


WEIOHT,  OBOP,  TONS  PEB  AGBK. 


Seed  irrifi^ted 
at  plantiDg 


Seed  not  irri- 
gated at 
planting 


M.D.  Pormenter 

C.H.Miller 

H.T.  Gravestock 

C.H.  Grhveetock 

J.  M.  Mortimer 

Adam  May 

Martin  Nelson 

I.  W.  Clapper 

F.  Niemeyer 

D.G.  Edgerton 

Arkansas  Valley  Substation . 
Agricaltaral  College 


Lamar 

Antlers 

Canon  City. 


Debeqae  

Greeley 

Loveland 

Eyans  

Carbondale  . . 
Rooky  Ford.. 
Fort  ColUns. 


35.S 
12.0 
27.8 
16.8 
lfl.2 
82.6 
26.2 
15.0 
59.9 
11.2 
17.8 
22.8 


Did  not  grow 

28.7 

12.2 
Did  not  grow 

80.7 

80.5 

18.8 

59.0 

11.8 

16.9 

19.6 


Average . 


26.3 


2.n.4 


Although  the  general  average  is  in  favor  of  irrigating  up 
the  seed,  the  figures  of  the  individual  plots  show  some  for 
and  some  against  it.  There  seems  a  probability  that  no 
uniform  rule  will  apply  to  the  whole  of  Colorado,  but  it  is 
sate  to  make  this  a  rule.  Prepare  for  irrigation  at  time  of 
planting;  if  within  five  days  after  planting,  the  seed  shows 
no  signs  of  swelling  and  sprouting,  turn  on  the  water  and 
keep  the  ground  wet  until  the  plants  show  a  full  stand. 

4.    VARIETY   TESTS. 

Four  varieties  of  sugar  beets  were  grown  on  the  College 
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farm  in  1899  and  all  four  were  grown  both  on  a  heavy  clay 
soil  and  a  clay  loam.  The  records  of  the  harvest  and  an- 
alysis are  given  below.  The  Zehringen  and  the  Vilmorin 
No.  I,  were  sent  by  the  Department  of  Agriculture  at  Wash- 
ington, while  the  Vilmorin  No.  2  and  the  Kleinwanzlebener 
were  furnished  by  the  Oxnard  Sugar  Co.,  of  Norfolk, 
Nebraska. 

All  the  samples  were  taken  October  21. 

VARIETY  TESTS. 


Variety 


Heayy  clay  eoil— 

Zehriogen 

Vilmorin  No.  1 

Vilmorin  No.  2 , 

Kleinwanzlebener  .... 

Clay  loam— 

Zehringen 

Vilmorin  No.  I 

VUmorinNo,2 

Kleinwanzlebener  — 


Crop  per 
aore 

TODB 


22.2 

ao.o 

20.4 
17.9 


Total 
Solida 


18.7i 
20.2] 
18.69 
18.67 

18.18 
17.55 
18.85 
17.61 


Sugar  in 
jnioe 


li.55 
16.29 
15.08 
1S.7S 

15.75 
14.88 
16.88 
14.07 


Purity 


77.5 
80.8 
80.2 
78.6 

86.8 
81.7 
86.9 
79.9 


Analyses  were  made  of  the  beets  from  the  different 
plots  grown  on  the  College  farm  in  1899  and  are  given  be- 
low. The  variety  used  in  each  case  was  the  Zehringen  sent 
by  the  Department  of  Agriculture  at  Washington. 


Date  of  planting 


April  18 

May  4 

"  10 

"  10 

"  10 

"  10 

*•  10 

**  10 

"  10 

"  28 


Bemarka 


24  inch  rowB,  not  irrigated 

'*  *'  irrigated 

27  and  11  inch  rows,  not  irrigated 

"  *'       "       irrigated 

21  inch  rows,  seed  soaked 

**       **       half  the  seed  soaked 

**       ••       not  irrigated 

irrigated 


Crop 

per 

acre 

Tons 

Total 
Holids 

Bngar 

in 
jnioe 

Parity 

23.8 

18.59 

14.86 

78.0 

22.2 

18.74 

14.55 

77.5 

20.9 

17.88 

14.74 

82.6 

18.7 

17.64 

14.00 

79.4 

20.9 

17.74 

14.28 

84.4 

205 

17.58 

14.06 

80.2 

28.7 

18.57 

14.87 

80.3 

24.5 

17.57 

18.75 

78.2 

27.5 

17.96 

14.19 

80.1 

15.8 

16.18 

12.62 

78.0 

22.7 

17.08 

18.78 

80.5 
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5.   SUMMARY   OF   BEET  TESTS,    1 899. 

Different  dates 
of  plaDtiDg» 

April  19 20.7  tone  per  acre 

May      5 24.3    "      "      " 

May    18 20.4    "      '*      " 

June     4 15.3    "      "      *' 

Sufrar  in  beet.  Purity. 

Per  Cent.  Per  Cent. 

April  19                                          15.2  82.1 

May      5                                        15.9  83.8 

May    18                                         15.7  824 

June     4                                         15.6  80.6 

Distance 
between  rows. 

24  inches 23.7  tons  per  acre 

27  and  11  ioches 28.1    "       "      " 

Irris^ating 
up  the  se^. 

Irrigated,  all  grew 26.3  tons  per  acre 

Not  irrin^ated,  two  failed,  the  rest 25,4    * 


Digitized  by 


Google 


I 


Digitized  by 


Google 


Digitized  by 


Google 


1 


Digitized  by 


Google 


Bulletin  58.  August,  1900. 

The  Agricultural  Experiment  Station 

OF  THS 

Agricultural  College  of  Colorado. 


A  Soil  Study. 

PART  II. 

TheCrop  Grown:  SUGAR  BEETS 


WILLIAM  P.  HEADDEN. 


PUBLISHED  BY  THE  EXPERIMENT  STATION 
Fort  Collins,  Colorado. 

im. 


Digitized  by 


Google 


The  Agpiealtopal  Experiment  Station 

FORT  COLLINS,  COLORADO. 


THE  STATE  BOARD  OF  AGRICULTURE. 

Hon.  JAMES  L.  CHATPIELD,     -       -       -       .  Gypsum,      -  -        1901 

Hon.  a.  LINDSLEY  KBLIiOGG,        -       -       -  Rooky  Ford,  -        1901 

Hon.  B.  F.  ROCKAPELLOW,           -       -       -  Canon  City,    -  -    1903 

Mbb.  ELIZA  F.  ROUTT, Denver,     -  -       1908 

Hon.  p.  F.  SHARP,  President,          -       -       -  Denver,         -  -    1905 

Hon.  JESSE  HARRIS, Fort  Collins,  -       1905 

Hon.  HARLAN  THOMAS,         -        -        .        .  Denver,         -  -    1907 

Hon.  p.  a.  AMISS, Pruden,      -  -        1907 

Governor  CHARLES  S.  THOMAS, 
President 


CHARLES  S.  THOMAS,  ( ^^  ^ -,  . 

BARTON  O.  AYLBSWORTH,    \^'OJf^^' 


EXECUTIVE  Committee  in  charge. 

P.  F.  SHARP,  Chairman,  B.  F.  ROCKAFELLOW. 

J.  L.  CHATFIELD.  P.  A.  AMISS.  JESSE  HARRIS. 


STATION  STAFF. 

L.  G.  CARPENTEiR,  M.  S.,       -       MBTEOBOj:x>aisT  and  Irrigation  Enginebr 

C.  P.  GILLETTE,  M.  S., ENTOMOiiOGisT 

W.  W.  COOKE,  B.  S.,  A.  M., Agrioui/turist 

W.  P.  HEADDEN,  A.M.,  Ph.  D.,  Chemist 

*  J.  H.  OOWEN,  B.  S.,  M.  Agr.,     -        -       -       Horticulturist  and  Botanist 
R.  E.  TRIMBLE,  B.  S.,  Assistant  Meteoroix>gist  and  Irrigation  Engineer 

FRANK  L.  WATROUS, Assistant  Agriculturist 

LOUIS  A.  TEST,  B.  M.  E.,  A.  C,  ....         Assistant  Chemist 

E.  D.  BALL,  M.  S., Assistant  Entomologist 

C.  H,  POTTER,  M.  S., Assistant  Horticulturist 

JOSEPH  LOWNES,  B.  S., Assistant  Chemist 

F.  C.  ALFORD,  B.  S.,  Assistant  Chemist 

H.  H.  GRIFFIN,  B.  S.,       -      Superintendent  Arkansas  Valley  Substation 

Rocky  Ford,  Colorado 
J.  E.  PAYNE,  M.  S.,  -       -       -         Superintendent  Plains  Substation 

Cheyenne  Wells,  Colorado 


OFFICERS. 


President  BARTON  O.  AYLESWORTH,  A.  M.,  LL.  D. 

L.  G.  CARPENTER,  M.  S., Director 

A.M.  HAWLEY, Secretary 

W.  R.  HEADDEN,  B.  8., Stenographer  and  Clerk 


«  Elected  Jaly  2, 1900.    Died  Jaly  12, 1900. 

Digitized  by  VjOOQIC 


EXPERIMENT  STATION  PUBLICATIONS. 


The  publications  of  the  Experiment  Station  are  of  four  classes: 

1.  BULLETINS.  These  are  distributed,  as  far  as  the  editions  permit,  to  those 
interested  in  Colorado  agriculture.  They  comprise  bulletins  on  irrigation  matters, 
sugar  beets,  alfalfa,  barley  and  other  field  crops,  cattle  and  sheep  feeding,  straw- 
berries and  other  smaU  fruits,  insects,  etc. 

2.  ANNUAL  REPORTS.  These  are  largely  administrative  and  technical, 
printed  in  small  editions,  and  not  ordinarily  sent  to  individuals  except  on  request. 

3.  PRESS  BULLETINS.  Shorter  statements  of  experience  in  various  lines,  or 
information  needing  immediate  distribution.  Sent  to  papers  and  to  individuals 
according  to  the  subject  matter. 

4.  RIVER  PRESS  BULLETINS.  Weekly  reports  issued  during  the  irrigation 
season,  rendering  information  on  the  current  water  supply,  obtained  m  pursuance  of 
other  investigations,  available  for  the  public.  Issued  in  small  editions,  and  sent  to 
newspapers  and  individuals  in  Northern  Colorado. 

No  charge  is  made  for  any  publication. 

The  following  bulletins  can  still  be  supplied: 


MO 

25. 


AUTHOB. 


Progrees    Balletin    on    the 
Loco  and  Larkspar Dayid  0*Brine 

28.  TheBauiaQThiBtle C.  8.  Crandall 

80.  Notes  on  Tomatoee W.  W.  Cooke 

21.  The  Hemiptera  of  Colorado.      C.  P.  Gillette 
32.  Seepage  or  Betarn  Waters 

from  Irrigation L.  Q.  CnrpentPi 

24.  GatUe  Feeding  in  Colorado.      W.  W.  Cooke 
as.  Alfalfa Wm.  P.  Headden 

25.  Sngar  Beets W.  W.  Cooke 

Wm.  P.  Headden 
88.  Sheep  Scab;  A  Few  Insect 

Enemies  of  the  Orchard ...      C .  P .  Gillette 

29.  Alfalfa   and    Some     Other 

Hays Wm.  P.  Headden 

40.  Barley  W.  W.  Cooke 

41.  Blight    and     Other     Plant 

mseases C.  S.  CrandaU 

42.  Colorado  Lepidoptera  . .     ..      C.  P.  Gillette 
44.  Further  Notes  on  the  Birds 

of  Colorado W.  W.  Cooke 

46.  Loss  of  Water  from  Reser- 

voirs by  Seepage  and  Bvap- 

oration L.  G.  Carpenter 

47.  Insect  Pests C.  P.  GFiUette 

48.  Losses  from    Canals  from 

Filteration  or  Seepage  . . . .  L.  G.  Carpenter 

40.  Meteorology  of  1897. L.  G.  Carpenter 

B.  E.  Trimble 


AUTHOR. 

C.  S.  Crandall 
W.  W.  Cooke 
W.  W.  Cooke 

C.  S.  Crandall 
C.  H.  Potter 
C.  P.  Gillette 
L.  6.  Carpenter 
W.  W.  Cooke 
W.  W.  Cooke 


NO.  TITLS. 

50.  Notes  on  Plnm  Caltare 

51.  Safmr    Beets    in  Colorado, 

1898 

52.  Pastaring  Sheep  on ' AJfalfa; 

Raising  Early  I^unbs 

I88T7KD  IN  1900. 

53.  Strawberries 

54.  Apiary  Experiments 

55.  Forests  and  Snow 

56.  Birds  of  Colorado 

57.  Farm  Notes 

58.  AcoilStady.  Part  2.  Sugar 

Beets 

PRESS  BULUBTINS. 

1.  The  Snoar  Beet  Caterpillar. 

2.  Colorado  Sunshine. 

3.  The  Beet  Army  Worm. 

4.  Cantaloupe  Blight. 

5.  Baesian  Thistle  as  Forage. 

RITBR  PRXB8  BULLETINS. 

Issned  weekly  since  April  24. 

ANNUAI^  REPORTS. 

The  Tenth,  for  1897,  is  the  only  one  which 
can  be  sapplied. 


W.  P.  Headden 


Address,  L.  G.  CARPENTER,  Director, 

Fort  Collins,  Colorado. 


Digitized  by 


Google 


TABLE  OF  CONTENTS. 


Sections 
Previous  Work  of  the  Station  on 

Sugar  Beets 1-8 

Shown  that  beets  could  be  grown 

in  Colorado,  1888 1 

Effect  of  different  soils,  1889  (Bul- 
letin 11) 2 

Study  of  conditions  affecting  sugar 

content,  1890 3 

Conclusion  that  beets  could   be 

successfully  grown,  1890 4 

Studies  of  irrigation  and  cultiva- 
tion, 1891-2 5 

More  extended  trials  of  1897 6 

Study  of  chemistry  of  crop  of  1897  7 

Conclusions  from  Bulletin  46  ... .  8 

Cooperative  trials  of  1898  (Bulle- 
tin 51) 9 

Trials  of  1899  (Bulletin  57) 10 

CHEHICAL  WORK  OP  1898  AND  18991. 

General  description  of  conditions  . .'  11 

The  Water  Conditions 12-18 

Depth  to  water  and  effect  on  beets.  14- 15 

Ground  water :  Origin  and  changes  17 

The  irrigations 18 

Effect  of  Manure  on  Stand  and 

Quality 19 

Description  of  tests. 20 

Table  I.:    Effect  of  manure  on 

sugar,  1898 21-22 

Comments 21-22 

Table  II.:   Effect  of  manure  on 

sugar,  1899 

Effect  of  alkali  doubtful 23 

Manure  lowers  sugar  content 24 

Manure     causing    objectionable 

form 25 

Slow  decay  of  manure 26 

Decay  of  straw  more  rapid 27 

Effect  of  straw 28 

Comments  on  Plats 29 

Improved  physical    condition  of 

plats 30 

Capillary  power  of  soil 31 

Effect  of  drainage  on  water  table.  32 

Percentage  of  dry  matter 33 

The  Drying  Out  of  Beets 34 

Table  III.,  showing  rate  of  drying 

out  of  beets 

Comments  on  results 35 

Effect    to  reduce  percentage    of 

sugar 36 

Effect  on  Station  results 37 

Of  less  importance  in  car-load  lots.  38 


8eoti<uis 
Little    effect    on    coefficient    of 

purity '. 39 

Relation  of  Size  to  Sugar  Con- 
tent       40 

Methods  of  tests 41 

Table  IV. :  Relation  of  size  to  sugar 

content 

Comments  on  results 42 

Trial  under  other  conditions 43 

Table  V.:  Relation  of  size  to  sugar 

content 

Comments 44 

Another  method  of  trial 45 

Table  VI.:  Size  and  quality 

Comments 46-47 

Large  beets  apparently  as  good  as 

small 48 

Cause  of  poor  opinion  of  large 

beets 49 

Table  VII.:    Effects  of  excessive 
feeding  ground  on  quality. . . 

Comments  on  table 50 

Conclusion    regarding    size    and 

sugar  content 51 

Effects  of  over  irrigation 52 

Effect  of  an  irrigation  in  early 

September 53 

Double  effect  of  late  rain 54 

Beet  Ash  and  Its  Composition..  . .  56 
Table  VIII.:    Composition  with 

and  without  manure 

Comments 58 

Effect  of  manure  on  ash 57 

Effect  of  manure  on  sugar  content.  58 

Effect  of  manure  in  second  year. .  59 

Composition  of  the  manure 60 

Comments 65 

Changes  in  the  ground  water 66-68 

Effects  of  manure,  chemical  and 

mechanical 69 

Soaking  Experiments 70 

Experiments  on  increase  of  sugar 

content  after  harvesting 71 

Table  IX.:  Effects  of  soakmg  on 

sugar  content 

Same  result  in  1899 72 

Effect  on  the  coefficient  of  purity.  73 

Reducing  power  of  beet  chips 74 

The  sugar  in  beet  leaves 76 

Four  methods  tried 77-79 

Analyses 80 

Summary 81 


Digitized  by 


Google 


A  Soil  Study  : 
Part  11/  The  Crop  Groom:  SUGflH  BEETS. 

By  WILLIAM  P.  HEADDBN,  A.  M.,  Ph.  D. 


INTRODUaORY. 

PREVIOUS   WORK    OF   THE   STATION   ON    SUGAR   BEETS. 

§  1.  This  Station  has  already  published  nine  bulletins  on  the 
subject  of  sugar  beets,  seven  of  which  have  been  devoted  to  the 
demonstration  of  the  fact  that  remunerative  crops  of  sugar  beets  can 
be  grown  in  the  irrigated  sections  of  this  State  up  to  altitudes  of  7,800 
feet.  The  earliest  experiments  recorded,  1888,  show  a  trifle  over 
12  per  cent,  of  sugar  as  the  maximum  per  cent,  present  in  any  of 
the  varieties  experimented  with.  The  only  object  aimed  at  in  the 
experiments  of  that  year  seems  to  have  been  to  determine  whether 
the  beet  could  be  successfully  cultivated  under  our  conditions.  The 
results  were  most  encouraging,  both  in  regard  to  the  percentage  of 
sugar  present  in  the  beets  and  also  the  tonnage,  which  ranged  from 
24  to  30  tons  per  acre.  This  yield  was  estimated  from  the  product 
of  an  average  row  450  feet  long. 

§  2.  The  experiment  of  1888  was  not  continued  in  1889,  but 
another  line  of  work  was  undertaken,  namely,  to  study  the  effect  of 
various  soils  upon  the  composition  of  the  ash,  the  percentage  of  the 
sugar,  and  on  the  feeding  value  of  the  beets.  The  results  of  this 
investigation  were  published  in  1890  as  Bulletin  11. 

*  Part  I.,  forming  Balletin  46  and  issaed  in  1808,  is  oot  of  print.    Moet  of  the  reports  of 
the  Station  have  Bomething  aboat  eagar  baete.    Of  the  balletina  treating  of  engar  beets,  none  but 
86, 51  and  57  can  be  supplied,  except  to  libraries.    Thoee  printed  are  as  follows  : 
7.     Potatoes  and  Sogar  Beets.    April,  1889.    Profs.  Cassidy  and  O* Brine. 

11.    Sagar  Beets.    April,  1890.     Director  Ingereoll  and  Dr.  O' Brine. 

14.    Progress  Balletm  on  Sugar  Beets-    Janoary,  1891.    Dr.  O' Brine. 

21.    Bagar  Beets  ;  Potatoes  ;  Frait  Kalsing.    October,  1892.    F.  L.  Watroas. 

36.    Sagar  Beets.    March,  1897.    Prof.  Cooke  and  Dr.  Headden. 

42.    Sagar  Beets  in  Colorado  in  1897.    Febroary.  1898.    Prof.  Gooke  and  Dr.  Headden. 

46.    A  Soil  Stady.    Part  I.    The  Crop  Grown  :  Sagar  Beets.    Jane,  1896.    Dr.  Headden. 

51.    Rngar  Beets  in  Colorado  in  1898.    March.  1899.    Prof.  Cooke. 

57.  Farm  Notes.    Alfalfa :  iJorn ;  Potatoes ;  Sagar  Beets     Jaly,1900.    Prof.  Cook 4. 

58.  A  Boil  Stady.    Part  II.    The  Crop  Grown  :  Bagar  Beets.    Aagast,  190a     Dr.  Headden. 
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6  Bulletin  58. 

§  3.  During  the  season  of  1890,  Pres.  IngersoU,  who  was  the 
Director  of  the  Station,  and  Dr.  O'Brine,  Professor  of  Chemistry, 
joined  in  a  study  of  the  general  condition  and  outlook  for  the  beet 
sugar  industry ;  while  the  Horticultural  and  Chemical  Departments 
cooperated  in  further  study  of  the  sugar  beet.  The  specific  subjects 
with  which  they  experimented  during  this  season  being  a  study  of 
the  efiect  of  the  distance  between  the  beets  in  the  row  upon  the 
amount  of  sugar  contained  in  the  beets,  and  of  the  relation  between 
the  size  of  the  beet  and  its  sugar  content. 

§  4.  A  number  of  persons  had,  by  this  time,  become 
sufficiently  interested  in  the  subject  to  grow  sugar  beets  and  send 
them  to  the  Station  for  analysis.  The  descriptions  of  the  samples, 
as  received  at  the  laboratory,  were  very  imperfect,  as  was  to  be 
expected,  but  the  results  obtained  fully  justified  the  conclusion  of 
Bulletin  14,  which  I  can  do  no  better  than  to  quote: 

We  believe  that  it  has  been  established  that  the  soil  and  climate  of  Colo- 
rado are  favorable  to  the  production  of  suear  beets,  and  that  they  can  be 
successfully  and  profitably  raised  to  the  advantage,  both  of  the  farmer  and 
manufacturer. 

§  5.  Experiments  were  continued  during  the  years  1891  and 
1892,  not  only  by  the  Station  at  Fort  CJoUins,  but  also  at  the 
Substations  in  the  San  Luis  Valley,  Arkansas  Valley  and  the 
Divide,  also  by  individuals  in  the  Arkansas  Valley  and  in  the 
neighborhood  of  Fort  Collins.  The  chief  importance  seems  to  have 
been  attached  to  the  endeavor  to  determine  how  much  irrigation  is 
required  to  produce  the  best  results,  and  to  notice  the  effects  of  both 
too  little  and  too  much  irrigation  upon  the  crop,  and  the  percentage 
of  sugar  in  the  beet.  The  effect  of  the  distance  between  the  beets 
in  the  row  was  also  studied,  but  was  subordinated  to  the  questions 
of  irrigation  and  cultivation.  The  results  obtained  at  the  Arkansas 
Valley  Substation  at  Rocky  Ford  during  these  years,  1890  to  1892, 
were  published  in  Bulletin  21,  October,  1892.  The  rest  of  the 
results  were  not  published  until  March,  1897,  in  Bulletin  36, 
which  contains  a  succinct  statement  of  the  results  recorded  up  to 
that  date;  some  of  which,  about  one  third,  had  not  been  published 
in  any  previous  bulletin. 

§  6.  In  the  spring  of  1897  the  public  seemed  sufficiently 
interested  to  justify  the  Station  in  again  taking  up  the  subject,  and 
having  received  quantities  of  seed  from  the  Department  of  Agricul- 
ture at  Washington,  and  also  from  other  sources,  it  was  distributed 
to  persons  in  different  sections  of  the  State,  together  with  explicit 
instructions  how  to  plant,  to  cultivate,  and  especially  how  to 
harvest  the  samples  for  analysis.  The  results  obtained  were,  more 
satisfactory  data  concerning  the  time  of  planting,  cultivation  and 
harvesting  of  the  crop.  In  addition  to  this,  experiments  were  made 
at  a  greatly  increased  number  of  localities  throughout  the  State.   In 
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other  words,  the  experiments  were  greatly  multiplied  and  made 
simultaneously.  So  far  as  quantity  and  quality  of  crop  was  con- 
cerned, we  only  corroborated  the  results  of  previous  years,  i.  e.,  that 
the  soils  of  Colorado  produce  beet  crops  which  compare  favorably 
with  those  produced  elsewhere,  where  the  beet  sugar  industry  has 
proved  a  profitable  venture.  There  was  added  to  this  the  results  of 
a  study  of  the  conditions  at  and  around  the  beet  sugar  factories  of 
Nebraska,  Utah  and  New  Mexico,  making  the  statement  of  facts 
concerning  this  industry  as  complete  as  possible,  and  giving  the 
public  the  fullest  possible  data  wherefrom  to  draw  their  own 
conclusions  as  to  the  advisability  of  engaging  in  this  industry. 

§  7.  At  this  time,  the  season  of  1897,  the  Department  of 
Chemistry  began  an  independent  investigation,  whose  principal 
object  was  a  study  of  the  chemistry  of  the  crop  as  affected  by  an 
alkalized  condition  of  the  soil.  This  work  traversed  a  number  of 
questions  pertaining  to  the  crop  in  a  fuller  and  more  systematic 
manner  than  had  previously  been  done.  The  sugar  in  the  beets  was 
determined  weekly,  beginning  September  2,  and  continued  until 
October  13,  wlien  the  crop  was  harvested  ;  and  from  time  to  time  till 
January  8,  1898,  in  beets  left  in  the  ground  and  covered  with  straw 
to  protect  them  against  isevere  freezing.  This  gave  us  data 
respecting  the  effect  of  alkali  upon  the  amount  of  sugar  present  and 
its  effect  upon  the  time  of  maturing ;  the  composition  of  the  ash  at 
various  periods  of  growth,  the  distribution  of  both  sugar  and  ash 
constituents  in  the  beet,  the  composition  of  the  beets  and  leaves  in 
regard  to  their  feeding  valqe,  the  total  dry  matter  in  the  leaves  and 
roots,  its  quantity  in  the  respective  thirds  of  the  latter,  etc. 
The  results  of  this  year's  work  are  contained  in  Bulletin  46.  In 
1897  the  Station  carried  on  two  lines  of  experimentation  with  sugar 
beets,  one  economic  and  the  other  almost  purely  chemical,  resolving 
itself  into  a  soil  study,  which  it  was  intended  to  be. 

The  work  was  continued  in  1898  and  1899.  Some  of  the 
results  of  1898  have  already  appeared  as  Bulletin  51.  This 
consists  of  more  extended  experiments  upon  the  eflFects  of  the  date 
of  planting,  methods  of  planting,  time  of  thinning,  distance  between 
plants  in  the  row,  experiments  with  varieties,  and  a  comparison  of 
home  grown  and  imported  seed  in  regard  to  the  quality  of  the  beets 
produced. 

§  8.  The  following  pages  record  the  further  observations  made 
during  the  years  1898  and  1899,  being,  in  fact,  a  continuation  of 
Bulletin  46,  and  for  that  reason  a  few  of  the  conclusions  of  that 
bulletin  are  reproduced  here : 

The  effect  of  the  alkali,  present  in  our  soil,  upon  the  sugar  content  of  the 
beet  is  not,  of  itself,  detrimental. 

The  maturing,  or  ripenins,  of  the  crop  corresponds  to  an  increase  of  from 
2  to  3.5  per  cent,  of  sugar  in  the  beet,  and  about  one  third  of  the  total  yield  of 
sugar. 
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The  rate  of  drying  out  of  beets  is  about  5  per  cent,  for  the  first  24  hours, 
but  by  the  end  of  five  days  it  falls  to  about  2  per  cent  and  remains  practically 
constant  for  the  next  twelve  days. 

The  weight  of  the  leaves  of  Colorado  erown  beets  equals  about  87  per  cent 
of  the  weight  of  the  roots.  The  weight  of  the  leaves  does  not  increase  materially 
during  the  last  six  weeks  of  the  growing  season,  but  during  this  time  the  weiji^ht 
of  the  root  increases  by  64  per  cent  of  its  weight  at  the  beginning  of  the  period, 
or  39  per  cent,  of  the  weight  of  the  mature  beet 

The  presence  of  alkali  increases  the  weight  of  the  leaves  very  slightly,  but 
has  no  marked  influence  on  the  date  of  maturing. 

As  the  sugar  is  formed  there  is  a  disappearance  of  dry  matter,  other  than 
sugar,  in  the  beet,  suggesting  the  formation  of  the  sugar  in  the  root  by  the 
transformation  of  substances  already  deposited  therein. 

The  effect  of  alkali  upon  the  percentage  of  ash  in  the  roots  is  to  increase 
it  by  about  2  per  cent,  reckoned  on  the  dry  matter. 

The  composition  of  the  ash  of  the  beets  seems  not  to  have  been  affected  by 
the  different  character  of  the  soils  experimented  with,  either  because  there  was 
so  great  an  abundance  of  available,  and  to  the  plant,  acceptable,  mineral  matter 
present  that  it  was  not  affected  by  the  presence  of  a  large  quantity  of  other  salts, 
or  the  comix)sition  of  the  ash  of  the  sugar  beet  is  very  constant.  I  think  that 
the  latter  is  the  case.  The  composition  of  the  ash  is  represented  by  the  following 
approximate  percentages:  Sulphuric  acid,  3.5;  phosphoric  acid,  7-9;  alkalies, 
48-52;  lime,  2-^;  magnesia,  6;  chlorin,  11.50-14.50;  carbon  dioxid,  about  15. 

The  ash  of  the  beet  leaf  has  a  general  composition  which,  like  that  of  the 
beet,  is  the  same  throughout  the  season,  except  that  there  is  an  increase  in  the 
chlorin  as  the  plant  approaches  maturity. 

§  9.  The  trials  in  different  parts  of  the  State  in  1897  aroused 
suflScient  interest  in  the  possibilities  of  the  sugar  industry  in  Colo- 
rado, for  the  resources  of  the  Station  to  be  supplemented  by  aid 
from  the  United  States  Department  of  Agriculture,  from  the 
Chamber  of  Commerce  of  Denver,  and  from  various  counties  in  the 
State.  This  aid  was  largely  given  through  the  solicitation  of  the 
Chamber  of  Commerce,  and  was  principally  in  form  of  prizes  to 
induce  growers  to  compete  for  good  results.  The  field  trials  were 
directed  by  Prof.  W.  W.  Cooke.  Over  800  analyses  were  made  by 
the  Station.  The  results  of  these  tests,  together  with  the  study  of 
the  best  methods  of  growing  sugar  beets,  is  given  in  Bulletin  51. . 

§  10.  Some  additional  tests  on  methods  of  cultivation,  dates  of 
planting,  distance  between  rows,  and  irrigating  the  seed  are  given 
in  Farm  Notes,  Bulletin  57,  by  Prof.  W.  W.  Cooke.  These  are 
the  results  of  cooperative  trials  with  growers  in  different  parts  of  the 
State.  The  same  bulletin  reported  the  results  of  the  tests  made 
throughout  the  State  in  cooperation  with  the  Department  of 
Agriculture  and  the  Chamber  of  Commerce. 
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DESCRIPTION   OF   THE   CONDITIONS. 

§  11.  The  plot  on  which  the  beets  were  grown  in  1898  was 
the  same  as  that  used  in  1897.  The  character  of  this  plot  having 
been  fully  described  in  Bulletin  46,  p.  5,  it  will  not  be 
repeated  in  this  place.  The  cultivation  of  the  preceding  season  and 
the  effects  of  the  soil  remaining  thrown  up  in  ridges  over  winter, 
exposing  it  to  the  weathering  action  of  the  season,  tended  to  better 
its  mechanical  condition.  This  was,  as  I  stated  in  Bulletin  46, 
the  result  most  desired  in  order  to  reduce  our  study  to  the  question 
of  the  effect  of  the  alkali  upon  the  crop.  In  addition  to  the 
weathering,  effected  as  above  stated,  I  endeavored  to  further  modify 
the  mechanical  condition  by  the  application  of  manure  and  straw. 
The  plot  was  divided  into  sections  one  hundred  feet  long  and 
twenty-five  feet  wide ;  alternate  sections  received  an  application  of 
manure  at  the  rate  of  sixty-four  tons  to  the  acre,  and  one  section  of 
the  plot,  the  most  difficult  one  to  handle,  received  a  dressing  of  cut 
straw  at  the  rate  of  fourteen  tons  to  the  acre. 

My  object  was  twofold:  First,  to  study  the  effect  of  the 
manure  upon  the  soil ;  second,  to  observe  its  effect  upon  the  crop. 

The  straw  was  used  that  we  might  be  able  to  judge,  in  a 
measure  at  least,  of  the  relative  effect  of  the  manure  as  a  mechanical 
agent  and  as  a  fertilizer.  The  crop  raised  was,  as  in  1897,  sugar 
beets,  and  we  were  successful  in  getting  the  same  varieties,  but  the 
seeds  were  from  different  lots,  for  the  crop  of  1898. 

The  cultivation  was  similar  to  that  received  by  the  preceding 
crop,  but  having  gotten  rid  of  a  patch  of  poverty  weed  on  the  south 
side  of  the  plot,  we  were  not  troubled  by  insects  to  nearly  the  same 
extent  as  during  1897,  still  both  of  the  beetles,  Sydena  Uieniata  and 
Monoxia  puncticoUis,  observed  then,  appeared  again  and  did  some 
damage.  We,  however,  did  not  have  recourse  to  the  use  of 
insecticides  as  in  the  preceding  year.  In  our  case  we  found  that 
removing  the  poverty  weed  and  keeping  our  crop  well  tilled 
sufficed  to  keep  the  beetles  down  to  such  an  extent  that  the 
damage  done  by  them  was  not  serious. 

The  alkali  appeared  nearly  as  bad  as  heretofore,  and  we  had 
trouble  with  the  same  sections  that  had  previously  given  us  trouble. 
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The  corroding  eflfects  of  the  alkali  was  observed,  but  not  to  the 
dame  extent,  and  the  spots  of  ground  showing  it  were  not  so  large 
as  in  1897.  There  was  a  small  spot  in  which  but  few  seeds  germi- 
nated ;  there  seemed  to  be  an  abundance  of  moisture,  the  seed  were 
found  at  a  depth  of  an  inch  and  a  half,  and  the  mechanical  con- 
dition of  the  soil  was  good.  This  failure  of  the  seed  to  germinate, 
for  they  did  not  come  up  at  any  time  during  the  season,  remains 
unexplained.  It  was  observed  that  some  beets  in  this  part  of  the 
patch  continued  to  come  up  for  weeks  after  the  first  had  made  their 
appearance,  especially  after  irrigation.  It  is  very  improbable  that 
this  was  due  to  lack  of  moisture,  for  this  was  observed  in  a  very 
wet  portion  of  the  patch,  but  not  the  wettest,  nor  indeed  is  it  more 
strongly  alkalized  than  some  other  parts  of  the  plot.  The  analyses 
of  the  soils  taken  from  these  spots,  and  those  of  the  ground  waters 
also,  show  a  larger  amount  of  magnesia  present  than  in  other 
places  within  the  plot ;  this  is  more  markedly  the  case  with  the 
ground  waters  than  with  the  soils.  Experiments  show  that 
magnesic  sulfate  retards  the  germination  of  seeds,  but  neither  the 
soil  nor  the  ground  water,  nor  yet  the  water-soluble  portion  of  the 
soil,  shows  a  sufficient  quantity  of  magnesic  sulfate  to  account  for 
this.  The  inorganic  substances  present  do  not  suggest  any  solution 
for  the  failure  of  the  seed  to  come  up. 

THE   WATER   CONDITIONS. 

§  12.  The  ground  was  very  wet  in  the  spring,  so  much  so  that 
it  caused  a  delay  of  two  weeks  or  more  in  planting.  The  crop  was 
not  planted  till  June  4 ;  some  of  it  not  till  June  13.  This,  however, 
was  not  due  to  the  condition  of  the  soil.  The  only  irrigation  that 
we  were  able  to  give  this  crop  was  given  from  July  8  to  10,  and 
this  was  with  seepage  water,  of  which  we  had  only  a  scant  supply, 
so  scant  that  we  could  not  obtain  any  sample  of  oflF-flowing  water. 
But  a  few  days  later,  a  heavy  rain  having  fallen  In  the  mountains 
to  the  west  of  us,  more  than  doubling  the  flow  of  the  river,  a  large 
quantity  of  water  was  turned  into  the  Larimer  County  Ditch  No.  2  and 
its  laterals.  One  of  our  dams  was  washed  out  and  the  lower  portion 
of  our  beet  plot  flooded.  This  happened  between  the  afternoon  of 
the  13th  and  the  morning  of  the  14th  of  July.  The  drains  for 
receiving  the  off-flow  water  were  immediately  opened  and  the  water 
turned  out  of  the  ditch.  Samples  of  both  on  and  off-flow  water 
were  taken.  The  patch  drained  rapidly,  the  surplus  water  being 
removed  in  about  three  hours.  This  was  the  only  irrigation  that 
the  crop  received.  The  total  rainfall  for  the  months  of  July, 
August,  September  and  October  was  2.8  inches.  The  total  amount 
of  water  received  by  the  crop,  from  the  time  of  planting  till  harvested, 
was  about  eight  inches.  The  ground  was  wet  at  the  time  of  plant- 
ing and  th«  water  plane  was  within  less  than  two  feet  of  the  surface. 
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The  level  of  the  ground  water  fell  about  a  foot  in  the  next  30  days. 
The  irrigation  given  from  the  8th  to  the  11th  was  not  sufficient  to 
raise  the  level  of  the  ground  water  quite  as  high  as  it  was  at  the 
time  of  planting  and  it  then  fell  rapidly,  making  a  fall  of  almost 
exactly  two  feet  in  eleven  days.  This  fall  represents  the  rate  of  > 
drainage  and  evaporation.  The  weather  was  hot  and  evaporation 
was  rapid,  but  that  drainage  was  active  can  scarcely  be  questioned. 
Especially  so  because  the  water  level  in  the  adjoining,  and  lower 
lying,  land  had  not  been  raised  and  there  was  only  our  small  and 
local  supply  of  water  to  be  removed. 

The  water  level,  at  a  point  about  two  hundred  feet  to  the  east 
of  my  plot,  was  not  at  any  time  sensibly  effected  by  the  irrigation 
of  my  plot.  The  well,  the  measurements  of  which  form  the  basis 
of  this  assertion,  is  not  very  far  from  an  underdrain,  perhaps  75 
feet  from  it,  but  I  do  not  think  this  fact  has  very  much,  if  any- 
thing, to  do  with  our  failure  to  perceive  any  change  in  the  level  of 
the  water  in  this  well.  I  think  it  more  likely  that  the  amount  of 
water  used  was  simply  insufficient  to  force  its  way  so  far  through 
the  soil. 

§  13.  This  is  not  the  place  I  intended  to  discuss  the  question 
of  water,  further  than  to  state  the  supply  furnished  to  the  crop,  but 
it  was  observed  that  the  different  wells  fell  at  very  different  rates. 
I  have  given  the  maximum  fall  for  the  eleven  days  immediately 
succeeding  the  14th  inst.  From  this  date  on  the  water  plane  fell 
slowly  until  it  reached  its  greatest  depth  for  the  season  during  the 
first  week  of  October.  But  during  the  next  fourteen  days  it  roie  a 
foot,  in  some  of  the  wells  rather  more. 

§  14.  The  water  level  at  the  lower  end  of  the  plot  ranged, 
from  the  end  of  July  to  October  10,  from  3  to  4.5  feet  below  the 
surface,  and  there  were  but  few  beets  in  this  section,  as  was  repeat- 
edly noted  in  Bulletin  46,  but  at  the  western,  or  higher  end, 
the  water  level  was  from  5.2  feet  to  6  feet  below  the  surface,  and 
the  crop  was  excellent.  At  an  intermediate  point  \se  have  the  wafer 
level  ranging,  during  this  same  period,  from  3.5  to  4.5  feet,  with  an 
abundance  of  alkali  and  yielding  a  good  crop.  With  a  part  of  the 
facts  before  U3  it  would  be  easy  to  justify  the  inference  that  beets 
will  not  grow  where  the  water  plane  is  from  3  to  4.5  below  the  sur- 
face, but  in  view  of  other  facts,  observed  at  the  same  time,  we  hesi- 
tate to  offer  any  statement  relative  to  the  cause  of  the  failure  of  the 
crop  to  grow  in  the  section  in  question,  either  in  regard  to  the  alkali 
or  the  water. 

§  15.  Notwithstanding  the  nearness  of  the  water  to  the  sur- 
face of  the  ground,  the  crop  showed  the  need  of  water  throughout 
the  latter  part  of  the  season ;  our  field  notes  showing  that  on  July 
22  the  beets  were  wilted  and  the  water  plane  low.     The  weather 
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was  hot  and  the  wilting  may  have  been  dependent  upon  this  as 
much  as  upon  a  lack  of  water  in  the  soil,  but  on  August  13,  it  is  re- 
marked that  the  crop  needs  water  and  on  the  17th  the  condition  of 
the  ground  is  designated  as  dry,  though  we  had  had  in  the  mean- 
time, August  4  and  5,  a  rain  fall  of  0.78  inch.  The  ground  had 
been  kept  as  mellow  as  possible  and  free  from  weeds,  having  re- 
ceived, in  all,  five  cultivatings  and  five  hoeings. 

§  16.  There  was  no  need  of  irrigating  the  plot  during  the  sea- 
son of  1899,  though  we  gave  it  a  thorough  soaking  from  August  31 
to  September  2,  not  because  the  crop  needed  it,  but  for  the  purpose 
of  puddling  the  ground  and  of  studying  the  changes  which  took 
place  in  the  water  by  its  contact  with  the  soil. 

§  17.  The  chief  cause  of  our  abundance  of  water  was  the  fact 
that  we  received  a  sub-irrigation  July  1  to  7,  coming  from  the  west- 
ern part  of  the  farm.  There  is  a  drain  immediately  west  of  my 
plot  which  should  have  taken  oft  the  greater  part  of  this  underflow, 
but  it  did  not  prevent  my  plot  being  filled  nearly  to  the  surface  with 
water.  The  water  plane  being  raised  to  within  18  inches  of  the 
surface,  as  was  proven,  not  only  by  the  water  in  the  wells,  but  also 
by  several  holes  dug  in  order  to  verify  this  observation.  This  de- 
velopment was  something  entirely  new.  I  knew  that  the  stratum 
of  gravel  underlying  the  plot  was  filled  with  water  and  that  there 
was  probably  a  flow  to  the  eastward  through  it.  I  thought  that  it 
came  from  a  more  distant  source,  believing  that  we  were  fully  pro- 
tected against  sub-irrigation  of  this  sort  by  a  ditch  constructed  to 
utilize  the  seepage  water  gathered  for  a  mile  or  more  to  the  west- 
ward of  us,  and  further,  by  the  drain  alluded  to.  I  believe  that 
these  two  really  gather  all  the  water  that,  under  ordinary  con- 
ditions, drains  from  the  higher  land  to  the  westward  of  us,  but  in 
this  instance  an  unusual  supply  of  water  enabled  the  Farm  Depart- 
ment to  run  water  night  and  day  for  a  week,  with  the  result  that 
the  water  found  its  way  down  into  and  filled  up  my  lower  lying 
land.  The  wetness  of  the  land  interfered  with  the  cultivation  of 
the  crop,  but  the  mechanical  condition  of  the  soil  was  greatly  im- 
proved over  that  of  the  preceding  seasons,  so  that  the  cultivation 
was  much  easier  than  in  1897  and  *98. 

§  18.  The  ground  was  not  disturbed  after  the  irrigation  of 
September  2,  but  it  was  allowed  to  bake  and  harden  as  much  as  it 
would.  This  crop  was  cultivated  twice,  hoed  twice  and  irrigated 
once. 

In  1898  the  crop  was  irrigated  but  once,  because  we  could 
not  get  water  to  irrigate  with.  This  single  irrigation  was  only  a 
light  one,  applied  July  8  to  10,  and  a  part  by  accident  on  July  14. 
Subsequently  the  ground  became  very  hard,  in  spite  of  our  efforts 
to  keep  it  mellow.     In  1899  we  sought  to  pack  and  allow  it  to  be- 

Digitized  by  VjOOQIC 


Sugar  Bekts.  13 

come  hard  and  dry  after  the  irrigation  of  September  2.  The  crop, 
taking  the  whole  patch,  was  in  1898,  13  tons  to  the  acre,  and  in 
1899,  14.5  tons.  I  attribute  the  increased  crops  to  the  improvement 
in  the  condition  of  the  soil  and  to  a  rather  better  stand,  without  con- 
sidering whether  this  latter  was  due  to  the  improved  condition  of 
soil  or  not. 

THE  EFFECT  OF  THE  MANURE  UPON  THE  STAND  AND  THE  BEETS. 

§  19.  The  effect  of' the  manure  was  very  marked,  improving 
the  stand  by  at  least  10  per  cent.  I  believe  that  under  ordinary 
conditions  the  effect  of  so  heavy  a  dressing  of  manure  would  not  be 
followed  by  an  improvement  in  the  stand,  but  in  our  case  it  was  ; 
the  weather  conditions  turning  favorable  just  after  the  planting. 

The  planting  took  place  on  May  11,  followed  by  a  rainfall  of 
over  1.5  inches  during  the  rest  of  the  month,  which  was  well  dis- 
tributed, rain  falling  on  twelve  of  the  remaining  twenty  days  of  the 
month.  Had  this  not  been  the  case,  it  is  a  question  whether  the 
manure  might  not  have  faciliteted  the  drying  out  of  the  soil  suffi- 
ciently to  more  than  offset  its  stimulating  effect  upon  the  germina- 
tion of  the  seed.  As  it  was,  the  seed  germinated  better,  the  plants 
were  more  vigorous  throughout  the  season,  and  the  weight  of  the 
crop  was  greater;  but  the  shape  of  the  beets  was  inferior,  very 
many  of  them  being  rooty,  forming  a  chunky  beet  with  a  number 
of  roots  spreading  out  from  it,  literally  covered  with  masses  of 
fibrous  roots.  The  ratio  of  tops  to  roots  was  not  determined,  but  it 
was  evidently  higher  than  where  no  manure  was  used.  The  six 
plots  used  for  manuring  agreed  fully  in  justifying  the  above  state- 
ments. Tliere  is  no  reason  to  suppose  that  other  conditions  would 
have  modified  any  of  these  results,  except  the  one  already  mentioned 
as  possibly  exceptional,  i.  e.,  that  manuring  improved  the  germina- 
tion and  stand.  Our  observations  on  the  effect  of  coarse  manure, 
under  our  conditions,  leads  to  this  doubt,  which  we  would  not  other- 
wise entertain. 

EFFECT  OF  THE  MANURE  AND  ALKALI  ON  THE  SUGAR  IN  THE  CROP. 

§^0.  In  1897  we  found  that  the  ripening  of  our  crop,  or  bet- 
ter, that  the  formation  of  the  sugar,  was  much  more  rapid  between 
October  6  and  13,  than  at  any  other  period  during  the  season, 
either  before  or  subsequent  to  this  date.  Our  results  showed  that 
about  one  third  of  the  sugar  contained  in  the  crop  made  its  appear- 
ance during  these  seven  days.  As  the  crop  of  1898  was  later  than 
that  of  1897,  both  in  planting  and  maturing,  we  did  not  attempt  to 
follow  the  development  of  the  sugar  throughout  the  season,  but  con- 
tented ourselves  with  endeavoring  to  determine  the  effects  of  our 
alkali  and  manure  upon  the  date  and  amount  of  sugar  produced 
during  the  period  of  this  maturing  process.     Our  first  samples  were 
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accordingly  taken  on  October  3.  These  were  trial  samples  taken  to 
help  us  in  judging  of  the  condition  of  the  crop.  We  had  already 
received  a  number  of  samples  from  the  Farm  Department,  but 
these  vaiied  greatly,  and  we  did  not  know  from  which  of  the  differ- 
ent plots  the  sample  had  been  taken.  It  was,  furthermore,  out  of 
the  question  for  us  to  take  the  plot  most  nearly  representing  the 
plot  taken  for  comparison  in  1897,  for  this  plot  had  been  hastened 
into  ripening  by  lack  of  moisture.  This  was  so  pronounced,  at  this 
date,  that  the  tops  wilted  to  the  extent  of  lying  flat  on  the  ground. 
The  soil  was  dry  to  a  greater  depth  than  that  reached  in  digging 
the  beets.  If  there  hai  been  no  other  differences,  these  facts  make 
it  evident  that  we  cannot  compare  these  plots,  so  I  shall  use  another 
whose  history  is  as  follows:  In  1891  it  received  a  dressing  of 
manure,  was  planted  to  potatoes ;  1892,  trucked,  not  manured  ;  1893, 
fallow;  1894,  rye,  crop  cut  green  and  removed  from  plot;  1895- 
'96-97,  fallow;  1898,  planted  to  beets  but  not  manured.  The 
varieties  grown  on  this  plot  were  Vilmorin  Improved,  White 
Imperial,  White  French  and  Dippe's  Improved  Kleinwanzlebener. 

§  21.  In  the  following  table  we  do  not  see  the  pronounced 
increase  in  the  amount  of  sugar  as  the  season  advanced  or  the  crop 
matured,  as  shown  in  the  crop  of  1897,  but  the  season  was  very 
different.  In  1897  we  had,  in  the  early  part  of  September,  enough 
rain,  0.74  of  an  inch,  to  stimulate  the  beets  into  an  increased 
growth,  after  a  period  of  comparative  inactivity.  This  produced  a 
material  increase  in  the  weight  of  the  crop,  but  the  relative  quantity 
of  sugar  was  less  than  before  this  period.  The  effect  was  noticeable 
for  two  and  a  half  weeks  or  more,  at  the  end  of  which  period  the 
sugar  had  increased  again  and  reached  its  maximum  for  the  season. 
In  1898  we  had  no  such  an  abundance  of  water  as  in  1897.  We 
were  unable  to  irrigate  more  than  once,  and  then  far  less  copiously 
than  in  1897,  and  the  rainfall  from  August  6  to  October  15,  a 
period  of  70  days,  amounted  to  only  0.74  of  an  inch,  which  is  the 
same  amount  that  fell  in  four  days,  September  10  to  14,  in  1897. 
The  crop  of  1898  received  its  moisture  from  the  soil,  developed 
continuously  under  very  uniform  conditions,  and  matured  \^ithout 
showing  a  so  uniformly  large  gain  at  the  maturing  period.  In  1897 
this  amounted  to  from  2  to  3.5  per  cent.;  in  1898  the  greatest  gain 
for  this  period  was  1.44  per  cent,  in  two  weeks.  This  observation 
is  true  in  regard  to  the  Farm  plot  as  well  as  for  our  own.  Further- 
more, it  is  observable  in  the  records  of  the  Department  that  there  is 
no  such  great  increase  in  the  percentage  of  sugar  just  at  the  time  of 
ripening,  unless  the  beets  were  already  mature  at  the  time  of  taking 
the  first  samples,  which  was  not  indicated  by  the  deportment  of  the 
beets  when  grated,  as  the  earlier  samples  became  very  black  on 
being  exposed  to  the  air.  The  Department  received  a  sample 
harvested  September  27,  1898,  original  Kleinwanzlebener,  which 
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contained  15.23  per  cent,  of  sugar ;  a  sample  of  the  same  variety, 
harvested  November  2,  contained  15.12  per  cent,  of  sugar.  These 
samples,  harvested  thirty-five  days  apart,  show  almost  exactly  the 
same  percentage  of  sugar,  and  the  coefficient  of  purity  is  also  quite 
the  same,  i.  e.,  83  and  81. 

§  22.  The  varieties  grown  by  the  Farm  Department  remained 
almost  constant  from  October  3  to  October  22,  only  one  of  the  three 
varieties  showing  any  material  gain,  and  in  this  case  a  gain  of  only 
one  per  cent.  I  infer  that  this  difference  in  the  deportment  of  the 
crops  of  the  two  years  was  due  entirely  to  the  season,  and  not  to 
either  the  cultivation  or  to  the  soils.  There  are  three  different  soils 
and  nine  varieties  of  beets  included  in  this  comparison ;  five  of  the 
varieties  of  beets  were  grown  on  our  alkali  soil  and  the  four  others 
on  two  different  soils.  Our  soil  caused  no  deviation  in  this  respect, 
and  the  conclusion  of  the  preceding  years,  i.  e.,  that  the  alkalized 
condition  of  our  soil  produces  no  effect  upon  the  development  of  the 
beet,  is  corroborated.  The  statement,  however,  that  the  maturing 
of  the  beet  represents  an  increase,  that  is,  a  sudden  increase, 
amounting  to  from  2  to  3.5  per  cent.,  now  seems  to  be  an  extreme 
variation.  The  following  table  showing  the  results  obtained  during 
the  season  of  1899  strengthen  this  view ;  the  greatest  increase  being 
1.1  per  cent,  from  October  10  to  24,  and  we  find  no  further  change, 
though  the  experiments  were  continued  until  November  10  : 
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TABLE  II.— SUGAR  IN.  THE  MANURED  AND  NOT  MANURED  CROPS 

OP  1899. 


Elelnwanslebener. 

Zehringen. 

i 

a 

^ 

4 

S 

•^ 

DATE. 

•s 
1 

1 

ll 

1  . 

1^ 

j 

of 

1 

II 

fl 

< 

1  . 

1 

£ 

II 
fl 

< 

October  10 

M 

N 

15.10 
10.34 

70.4 
82.4 

12 
12 

027.2 
001.5 

14.25 
14.00 

79.8 
79.0 

18 
11 

700.0 

088.1 

M 

IS.Ol 

82.0 

14 

517.0 

12.83 

72.1 

12 

080.4 

N 

10.34 

81.5 

12 

491.4 

10.00 

81.8 

12 

450.8 

M 

11.88 

74.5 

14 

488.0 

11.97 

78.4 

12 

712.8 

3 

N 

13.97 

82.0 

12 

840.0 

14.92 

88.8 

12 

010.0 

Ayerage 

M 

13.90 

78.9 

540.0 

18.01 

75.1 



714.0 

.... 

N 

15.5S 

81.0 

000.3 

15.01 

81.0 

585.0 

October  18 

1 
2  . 

M 

18.20 

77.7 

20 

000.0 

12.88 

71.1 

18 

710.5 

8) 

ii 

N 

14.54 

78.8 

18 

045.5 

15.^0 

80.1 

12 

583.5 

October  24 

1 

M 

15.44 

84.0 

12 

582.0 

15.72 

81,7 

12 

572.3 

1 

N 

15.58 

82.8 

12 

015.8 

17.57 

80.1 

12 

490.7 

2 

M 

15.00 

887 

12 

478.1 

13.92 

78.0 

12 

040.4 

2 

N 

15.58 

81.0 

12 

587.2 

10.84 

84.2 

12 

527.4 

• 

3 

11 

18.77 

70  8 

12 

588.2 

12.82 

73.3 

12 

884.0 

3 

N 

14.87 

78.3 

12 

728.8 

15.82 

80.2 

12 

538.0 

ATorago 

M 

N 

15.00 
15.34 

81.7 
80.8 

581.3 
043.8 

14.15 
10.24 

77.7 
84.5 

088.3 

.... 

517.0 

October  27 

IS 

1) 
2 
3) 

N 
N 

14.00 
15.77 

77.2 
82.0 

30 
.15 

070.1 
020.2 

14.81 
15.80 

78.7 
84.2 

80 
15 

500.8 

NoTember  10 

548.5 

§  23.  The  results  of  1897,  given  on  p.  13.  Bulletin  46,  and 
those  of  1898  and  1899,  given  in  the  two  preceding  tables,  but  more 
especially  the  results  of  1897  and  1898,  because  these  are  compared 
with  beets  grown  on  ground  free  from  alkali  and  in  good  tilth, 
leave  no  doubt  about  the  effect  of  alkali  upon  the  quantity  of  sugar 
developed  in  beets  grown  on  soils  abounding  in  these  salts ;  t.  e., 
they  are  not  detrimental  so  far  as  the  sugar  and  the  coefficient  of 
purity  are  concerned,  nor  does  it  effect  the  time  of  maturing. 
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the  effect  of  the  manubb. 

§  24.  It  is  usually  stated  and  generally  accepted  that  land  on 
which  a  crop  of  heets  is  to  be  grown  should  not  receive  a  dressing 
of  manure  immediately  before  being  planted,  but  that  it  should 
receive  the  manure  and  be  planted  to  some  other  crop  between  the 
manuring  and  the  planting  to  beets.  As  already  stated,  I  manured 
my  plot  heavily,  64  tons  to  the  acre,  in  February,  plowed  it  under 
in  May  and  planted  it  to  beets.  The  primary  object  was  to  observe 
its  effects  on  the  soil,  but  it  presents  an  excellent  example  of  the 
effects  of  manure  upon  the  crop.  I  Ijave  already  mentioned  the 
fact  that  its  effect  upon  the  stand  and  growth  of  the  crop  was 
evident,  and  the  tables  show  its  effect  upon  the  percentage  of  sugar 
and  the  coefficient  of  purity.  The  average  for  the  tifteen  samples 
taken  from  manured  plots  on  October  3,  1898,  is  12.79  per  cent, 
sugar  in  the  beets,  with  a  coefficient  of  78.1 ;  the  average  for  the 
corresponding  set  from  the  unmanured  plots  is  13.30  per  cent, 
sugar  in  beets,  with  a  coefficient  of  78.4 ;  for  the  samples  taken 
October  16  the  averages  are :  13.00  per  cent,  sugar,  79.3  purity,  and 
13.40  per  cent,  sugar,  79.6  purity ;  for  October  22  we  found  12.92 
per  cent,  sugar,  80.8  purity,  and  14.18  per  cent  sugar  and  83.9 
purity.  The  averages  are  in  harmony  with  our  statement  that 
manuring  land  immediately  before  raising  a  crop  of  sugar  beets  on 
it  tends  to  lower  both  the  eugar  content  and  the  coefficient  of  purity ; 
but  its  range  is  only  from  0.6  to  1.2  per  cent,  sugar  and  from  0.1  to 
3.1  in  purity,  provided  we  attribute  the  whole  of  these  differences  to 
the  effect  of  the  manure. 

§  25.  The  effect  upon  the  form  of  the  beets  was  in  our  case  a 
much  more  serious  consideration  than  the  diminution  of  the  sugar 
content  and  the  coefficient  of  purity.  The  form  of  the  beets  was 
decidedly  objectionable.  The  bad  tilth  of  the  ground  of  itself 
tended  to  the  production  of  ill  shaped  beets,  but  the  manure  made 
them  very  rooty,  giving  rise  to  a  short,  chunky  beet  with  several 
spreading  roots  and  a  large  mass  of  fibrous  roots.  This  was  very 
noticeable  and  common  to  all  of  the  varieties,  but  shown  in  different 
degrees. 

§  26.  The  crop  of  1899  shows  the  same  results,  but  the  manure, 
having  become  more  fully  incorporated  with  the  soil,  effected  the 
form  of  the  beets  less  than  in  the  preceding  year.  The  percentage 
of  sugar  and  the  coefficient  of  purity  were  effected  quite  as  pro- 
nouncedly as  in  1898.  This  is  evident  from  the  tabular  statement 
of  the  results  for  1899,  from  which  it  appears  that  the  manure 
caused  a  depression  of  as  much  as  2.3  per  cent.  (See  Zehringen, 
samples  taken  October  18.)  The  effects  of  the  manure  upon  the 
stand,  color  of  the  tops  and  devdopment  of  the  crop,  were  almost  as 
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evident  in  '99  as  they  were  in  '98.  The  residual  value  of  the 
manure,  judging  by  its  effects  upon  the  second  crop,  is  greater  than 
one  would  be  justified  in  anticipating.  This  is  largely  due,  without 
doubt,  to  the  peculiar  resistance  to  complete  decay  and  humifaction 
shown  by  manures  in  our  soils.  It  is  an  often  observed  fact  that 
manure  when  applied  to  a  tilled  crop  remains  a  long  time  in  the 
soil  without  undergoing  that  disintegration  which  we  are  accus- 
tomed to  see  in  Eastern  soils,  where  there  is  an  abundance  of  rain 
and  cloudiness  prevails  for  a  much  larger  percentage  of  the  time 
than  with  us.  This  fact  was  not  new  to  me,  but  I  was  of  the 
opinion  that  the  soil,  with  the  water  level  within  from  4.5  to  3  feet 
of  the  surface,  would  remain  moist  enough,  especially  when  shaded 
by  the  tops  of  the  beets,  to  cause  the  complete  rotting  of  the  manure 
early  in  the  season,  but  it  was  not  so.  The  manure,  some  of  it 
scarcely  decomposed  at  all,  was  abundant  when  the  beets  were 
plowed  out  and  can  at  the  present  time,  two  years  subsequent  to  its 
application,  be  easily  recognized  as  distinct  from  the  soil.  The 
practical  recognition  of  this  is  the  wasteful  custom,  still  too  general, 
of  making  no  effort  to  convert  the  straw  and  other  litter  of  the  farm 
into  manure,  or  of  using  the  manure  to  fill  mud  holes  in  the  roads 
or  dumping  it  on  the  commons  when  it  has  become  necessary  to 
remove  it  from  the  neighborhood  of  the  houses.  It  is  a  question 
with  the  ranchman  how  to  treat  the  manure  so  as  to  get  good 
results  without  materially  adding  to  the  labor  of  irrigation.  This 
is  especially  true  of  cultivated  crops.  The  beets  did  not  produce 
shade  enough  to  effect,  even  with  the  aid  of  the  moisture  in  the  soil, 
the  rotting  of  the  manure. 

§  27.     The  straw  with  which  we  dressed  one  section  did  not 
withstand  decay  so  persistently  as  the  manure.      This  may   be^ 
explained  by  the  fact  that  there  was  less  of  it,  by  its  being  loose,, 
without  any  matting  together,  and   by   its  having    been    more- 
uniformly  mixed  with  the  soil. 

§  28.  The  effect  of  the  straw  upon  the  sugar  content  andi 
coefficient  of  purity  is  not  pronounced,  but  it  is  certainly  less^ 
prejudicial  than  that  of  the  manure.  I  cannot  say  that  I  observed^ 
any  effect  upon  the  form  of  the  beets  which  I  could  attribute  to  the- 
direct  action  of  the  straw.  But  its  ameliorating  effect  upon  the  soil' 
was  quite  as  pronounced  as  that  of  the  manure. 

This  is  in  harmony  with  the  view  expressed  in  Bulletin 
46,  i.  e.,  that  the  soil  experimented  with  is  so  rich  in  plant  food  that 
the  effect,  if  any,  of  the  alkali  upon  the  growth  and  composition  of 
the  crop  is  obscured,  and  that  it  is  not  the  chemical  composition 
but  the  mechanical  condition  of  the  soil  which  is  the  factor  of 
greater  importance  in  any  endeavor  to  improve  its  condition.  This 
statement  would  be  of  little  importance  did  it  not  apply  to  all  o£ 
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the  alkali  soils  that  I  have  seen  in  this  State,  which  I  firmly  believe 
that  it  does. 

§  29.  The  numbers  of  the  sections  1,  2  and  3  in  the  tables 
have  the  same  signification  as  in  Bulletin  46.  Section  3  is  described 
as  in  very  bad  condition  and  low,  very  wet  and  alkalized  to  such 
an  extent  that  the  surface  becomes  coated  to  the  thickness  of  from 
one  quarter  to  upwards  of  half  an  inch  with  alkali.  Its  condition 
is,  in  fact,  so  unfavorable  that  I  have  at  all  times  questioned  whether 
it  is  not  rather  to  this,  than  to  the  alkali  per  se,  that  the  difficulty 
of  growing  any  thing  in  this  section  ought  to  be  attributed.  The 
alkali  may  be  responsible  in  part  for  this  condition,  but  there  is  no 
question  in  my  mind  but  that  the  water  is  the  direct  cause  of  this 
to  a  greater  extent  than  the  alkali.  The  very  great  improvement 
caused  by  addition  of  the  manure  and  straw  to  this  soil  is  corrobora- 
tive of  this  view.  I  see  nothing  in  the  addition  of  straw  to  modify 
in  the  least  the  effects  of  the  alkali  nor  to  diminish  its  quantity, 
but  it  doos  change  the  texture  of  the  soil,  permitting  aeration  and 
disintegration  to  a  beneficient  extent. 

S  30.  The  third  crop  grown  on  this  section  still  leaves  it  some- 
what doubtful  whether  we  should  charge  any  of  the  evil  to  the 
direct  influence  of  the  alkali.  A  few  of  the  young  plants  were  un- 
doubtedly killed  by  it,  but  after  they  had  become  established  it 
seemed  to  do  them  no  injury.  I  believe  it  to  be  of  far  less  injury 
Ihan  it  is  usually  thought  to  be.  Both  the  sugar  content  and 
'<x)^cient  of  purity  of  samples  taken  from  this  section  during  the 
Tibree  seasons  are  slightly  lower  than  in  samples  taken  from  the 
•oth^  two  sections.  There  are  exceptions  to  this  statement,  but 
they  are  not  of  sufficient  importance,  in  number  or  degree,  to  cast 
^any  doubt  on  the  fact  that  beets  grown  in  this  section  are  inferior 
to  those  grown  on  the  other  sections.  They  have,  however,  im- 
proved in  quality  during  the  three  years.  The  average  of  all 
varieties  grown  in  1897  was  10.66  per  cent,  sugar  in  beet,  with  a 
^coefficient  of  73.3;  in  1898,  including  both  manured  and  not 
manured,  the  average  was  12.68  per  cent,  sugar,  76.2  purity;  and 
in  1899  the  average  was  14.13  per  cent,  sugar,  77.1  purity.  This 
is  a  marked  improvement  in  the  quality  of  the  beet.  The  figures 
represent  the  total  improvement,  including  that  due  to  the  soil,  to 
culture,  and  the  differences  in  the  season.  The  two  latter  are  more 
important  than  we  are  at  first  inclined  to  think.  A  good  year  is  a 
familiar  expression,  but  its  equivalent  in  tons  of  beets,  or  pounds  of 
sugar,  is  a  very  indefinite  notion,  especially  to  those  who  use  it 
most  frequently.  Though  three  years  of  observation  is  too  brief  a 
time  to  form  an  estimate  of  the  seasonal  influences  on  this  crop.  I 
am  inclined  to  credit  a  large  share  of  the  improvement  in  the 
quality  of  the  crops  to  this  cause,  and  also  something  to  the 
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differences  in  culture ;  but  after  making  due  allowance  for  these 
factors,  there  remains  a  decided  improvement,  due  to  the  improved 
soil  conditions,  and,  so  far  as  I  can  now  see,  this  improvement  is 
wholly  in  its  mechanical  condition,  brought  about  by  the  subsoiling, 
cultivation,  manuring  and  by  being  left  in  ridges  during  the 
winter,  exposing  it  to  weathering.  That  it  is  not  due  to  improved 
drainage  is  evident  from  facts  which  will  be  dwelt  upon  at  a  subse- 
quent time. 

§  31.  The  important  fact  in  this  connection  is  simply  this : 
That  the  water  table  has  not  been  lowered,  except  temporarily  by 
prolonged  dryness  or  a  lack  of  irrigating  water. 

In  connection  with  this  question,  the  influence  of  the  height  of 
the  water  table,  an  attempt  was  made  to  determine  the  capillary 
power  of  the  soil.  It  was  necessary  to  break  up  the  natural 
compactness  of  the  soil,  so  we  passed  it  through  a  40-mesh  sieve 
and  packed  it  as  firmly  as  we  could,  by  gentle  tapping,  into  a  glass 
tube,  li  inches  in  diameter.  Experimenting  in  this  manner  we 
found  that  the  water  had  passed  upward  31J  inches  in  seven  weeks, 
and  in  one  year  and  five  months  the  soil  was  perceptibly  moist  at  a 
distance  of  45  inches  from  the  water  surface,  and  quite  wet  at  39 
inches  from  the  same.  If  these  figures  represent  the  value  of 
capillarity  in  the  soil  in  its  natural,  undisturbed  condition,  it  would 
seem  that  our  crops  ought  to  have  been  pretty  well  supplied  with 
water  at  all  times,  there  being  but  a  short  time  when  the  water  level 
was  more  than  45  inches  below  the  surface  of  the  ground.  The 
evaporation  from  the  surface  in  the  open  field,  exposed  to  a  hot  sun 
and  the  winds,  is  quite  different  from  the  evaporation  from  a  small, 
shaded  and  protected  surface,  such  as  that  exposed  in  my  tubes.  I 
I  have  made  no  attempt  to  determine  how  much  of  a  part  this  may 
play  in  my  experiment ;  I  simply  acknowledge  that  it  has  something 
to  do  with  it,  and  that  is  all. 

§  32.  I  was  at  one  time  quite  doubtful  whether  there  was  any 
drainage  at  all  out  of  the  area  which  I  was  cultivating,  and  thought 
to  test  the  question  by  introducing  some  lithia  chlorid  into  one  of 
the  wells  and  observe  how  long  it  would  require  for  it  to  make  its 
appearance  in  the  adjacent  wells.  Lithia  had  been  looked  for  in 
the  analysis  of  the  residues  obtained  from  the  ground  water,  and 
reported  as  absent,  so  I  thought  that  my  plan  was  feasible ;  but  on 
examining  the  water  more  carefully,  using  larger  quantities,  I 
found  it  present  in  easily  detected  quantities.  I  had  samples  of  the 
residues  from  the  ground  water,  obtained  during  the  preceding 
eighteen  months,  and  an  examination  of  these  showed  this  element 
to  be  present  at  all  times.  I  do  not  know  whether  this  is  true  of 
other  soil  waters  in  this  region  or  not.  It,  however,  rendered  this 
means  of-detecting  a  flow  of  water  through  our  plot  inapplicable, 
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but  a  subsequent  experiment  showed  that  the  water  level  is  lowered, 
by  drainage  or  otherwise,  from  0.7  to  1.0  foot  in  about  36  days. 
Observations,  in  1898,  on  the  rate  of  the  fall  of  the  water  level  after 
having  raised  it  by  irrigating,  showed  about  40  days  as  necessary 
for  a  like  fall,  i.  e.,  from  0.7  to  1.0  foot,  in  the  dififerent  wells.  The 
lowest  point  the  water  plane  has  reached  below  the  surface  of  the 
ground,  at  the  east  end  of  the  patch,  corresponding  to  section  3,  at 
any  time  during  the  three  years,  was  3.29  feet,  which  is  less  than 
the  value  of  capillarity  in  this  soil.  Under  such  conditions  of 
moisture  it  would  seem  that,  in  some  respects,  it  would  be  an  ad- 
vantage, rather  than  otherwise,  to  have  a  long  dry  season.  Such 
seems  to  have  been  the  case,  but  not  more  so  with  this  plot  than 
with  others  more  favorably  conditioned. 

THE   DRY   MATTER   IN   THE   CROPS. 

§  33.  The  average  percentage  of  sugar  present  in  the  crop  of 
1898  was  materially  higher  than  in  the  crop  of  1897,  and  the  crop 
grown  by  the  Chemical  Department  in  1899  was  very  rich  in  sugar. 
I  have  already  stated  that  in  the  latter  years  there  was  a  scarcity  of 
water,  and  that  the  rainfall  during  the  latter  part  of  the  seasons  was 
small,  so  that  the  soil  became  dry  to  a  depth  exceeding  the  length 
of  the  beets.  I  believed  that  this  had  the  effect  of  increasing  the 
dry  matter  in  the  beet,  just  as  drying  out  under  any  other  condi- 
tions would  have  done,  and  would  account,  in  part  at  least,  for  the 
higher  percentage  of  sugar.  Accordingly,  samples  were  taken, 
thirteen  in  number,  ranging  in  weight  from  800  to  10,500  grams, 
and  the  dry  matter  determined.  The  results  ranged,  in  1898,  from 
18.63  per  cent,  to  25.62  per  cent.,  with  an  average  of  22.00  por 
cent.,  as  against  17.39  per  cent,  in  1897,  when  the  range  was  from 
16.69  to  18.01  per  cent.  These  figures  represent  four  varieties  and 
seventy-two  beets.  The  highest  average  obtained  in  1897  was  for 
the  Kleinwanzlebener  and  Vilmorin,  six  beets  each,  which  gave 
18.95  per  cent,  as  the  highest  percentage  of  dry  matter,  showing 
that  there  was  an  average  of  3  per  cent,  more  dry  matter  present  in 
1898  than  in  1897,  or  at  least  one  sixth  more.  In  1899  we  find  an 
average  of  22.76  per  cent.,  or  three  quarters  of  one  per  cent,  more 
than  ia  1898 ;  but  this  is  with  two  varieties  only,  the  Vilmorin 
and  Zehringen.  We  did  not  find  any  difference  between  the 
beets  which  had  grown  on  manured  or  unmanured  sections  in  this 
respect.  There  were  variations,  but  they  were  not  constant  in  either 
direction.  I  think  that  this  difference  of  from  3  to  3.75  per  cent 
in  the  total  dry  matter  is  mainly  due  to  the  difference  in  the 
seasons. 

THE  DRYING  OUT  OP  BEETS. 

§  34.  During  the  season  of  1898  we  received  a  considerable 
number  of  samples  from  different  parts  of  the  State  and  the  results 
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were  uniformly  high.  An  attempt  was  made  to  obtain  the  weight 
of  the  fresh  samples,  but  ii  was  very  unsatisfactory.  I  was  informed 
that  it  was  impossible  for  many  of  the  parties  to  obtain  the  weight 
of  the  samples  sent  with  any  degree  of  accuracy,  and  this  must  have 
been  the  case,  for  quite  a  number  of  the  samples  received  weighed 
more  by  250  grams  than  when  they  were  mailed  to  us,  from  three 
to  five  days  previously.  Why  the  senders  should  give  us  such 
under  weights  is  not  easy  to  understand.  In  spite  of  these  accidents, 
we  obtained  336  samples  which  we  considered  usable,  in  estimating 
the  deduction  to  be  made  from  the  average  percentage  of  sugar 
found  in  order  to  approximate  the  actual  percentage  in  the  beets  in 
a  fresh  condition.  The  amount  of  drying  out  was  very  varying, 
often  evidently  too  low,  and  sometimes  so  high  that  the  result  ob- 
tained had  to  be  rejected  as  improbable  ;  but  none  of  the  low  ones 
were  rejected  and  are  included  in  the  336  samples  used.  The  cor- 
rection to  be  applied  as  based  on  these  is  1.49  per  cent.  These 
samples  were  all  wrapped  separately  in  paper  and  inclosed  in  a  cot- 
ton sack  or  cloth.  As  the  weights  given  by  the  senders  weie 
unsatisfactory,  I  repeated  the  experiments  of  1897  with  even  more 
care,  having  regard  to  the  temperature  at  which  the  room  was  kept 
during  the  time  of  the  experiment.  The  mean  temperature  for 
September,  during  that  portion  of  it  in  which  we  received  samples, 
was  61.3^,  and  for  October  it  was  46.3^,  but  the  mean  maxinum  was 
61.0°.  I  endeavored  to  keep  the  room  about  60°.  I  took  4,660 
grams  of  beets  and  obtained  the  following  results,  the  loss  being  ex- 
pressed in  percentage  of  weight  at  beginning  of  the  twenty-four 
hours. 

TABLE  III.— SHOWING  THE  RATE  OP  DRYING  OUT  OP  BEETS. 

Weight        Temperature       Percentage 
Days.  Qrams.    of  Roofn,  Degrees,     of  I^oes, 

— 4660.0  

1 4460.0  57-66  4.30 

2 4322.0  56-62  a08 

3 4182.0  56-57  3.24 

4 4066.0  57-62  2.77 

5 3915.0  57-62  3.71 

6 3801.0  57-62  2.91 

7 3696.0  57-65  2.79 

8 3617.0  60-60  2.11 

9.... 3547.0  1.93 

10 3468.0  2.23 

11 3391.0  57-60  2.17 

12 3306.0  60-67  2.42 

§  35.  The  conclusion  arrived  at  in  1897,  was  that  the  maxi- 
mum loss  was  5.4  per  cent,  for  the  first  24  hours,  and  that  after  a 
few  days  it  fell  to  about  2  per  cent,  and  remained  quite  constant  up 
to  17  days.  The  experiment  just  recorded  was  made  under  similar 
conditions  as  those  m  1897.  The  beets  were  covered  with  gunny 
sacking  to  protect  them  from  light  and  to  protect  them  from  drafts 
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of  air  as  much  as  possible.  In  1897  the  loss  in  the  first  12  days 
varied  from  30  to  33  per  cent,  of  the  original  weight  of  the  beets ; 
in  1898  we  obtain  29.00  per  cent,  loss,  and  after  the  first  seven  days 
the  daily  loss  is  roughly  2  per  cent. 

As  but  few  samples  received  from  different  parts  of  the  State 
were  analyzed  sooner  than  five  days  after  being  harvested,  the  de- 
duction of  one  and  one  half  per  cent,  on  account  of  drying  out  is 
quite  within  reasonable  limits,  as  according  to  the  most  favorable 
results  obtained  by  experiment,  a  deduction  of  upwards  of  2  per 
ceat  would  be  allowable.  Our  own  samples  were  analyzed  within 
24  hours  after  being  taken  and  lost  less,  and  tend  to  correct  the 
error  and  justify  us  in  taking  the  lower  figure,  1.5  per  cent. 

§  36.  The  importance  of  this  is  apparent  if  we  consider  the 
effect  of  it  in  stating  the  average  ^rcentage  of  sugar  in  the  crop  of 
1898.  We  have  813  samples  of  this  crop  and  the  average  of  the 
analyses  as  made  is  15.12  per  cent.,  but  allowing  for  the  drying  out 
by  deducting  1.5  per  cent.,  we  have  13.62  per  cent  as  the  average, 
which  I  believe  is  the  nearest  approach  to  the  truth  that  we  can 
make. 

§  37.  The  records  of  this  department  show  that  the  average  of 
all  samples  recorded  from  1888  to  1896  inclusive,  is  12.8  per  cent, 
according  to  which  the  crop  of  1898  was  above  the  average. 

§  38.  It  should  be  remembered  that  the  question  of  drying 
out  is  of  much  greater  importance  in  considering  small  samples 
sent  to  the  Station  than  it  would  be  in  samples  taken  from  car-load 
lots  sent  to  a  factory.  The  factory  sample  would  be  likely  to  be 
nearer  correct  than  the  sample  sent  to  some  chemical  laboratory  to 
be  tested. 

COEFFICIENT  OF  PURITY. 

§  39.  In  connection  with  the  last  question,  that  of  the  coefficient 
of  purity  is  of  some  importance,  not  as  to  what  extent  it  is  effected 
by  the  drying  out,  but  as  to  how  near  the  truth  the  ordinary  de- 
termination comes.  Two  series  of  experiments  were  made,  five 
with  Vilmorin  and  six  with  Klein wanzlebener.  These  beets  ranged 
in  sugar  from  9  to  14  per  cent,  and  the  coefficient  obtained  by  evap- 
orating to  dryness  to  determine  the  total  solids  was  sometimes  higher 
and  again  lower  than  that  found  by  the  ordinary  method,  but  the 
average  of  the  five  determinations  made  with  the  Vilmorin  was  the 
same  and  that  with  the  six  Kleinwanzlebener  samples  differed  by 
0.2  per  cent.  The  average  obtained  as  ordinarily  determined  being 
higher  by  this  small  amount. 
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the  effect  of  size  of  beets  on  pbrcentaqe  of  sugar. 

§  40.  The  impression  is  that  large  beets  will  be  low  iu  sugar 
and  that  small  beets  will  be  rich  in  sugar.  I  do  not  recall  having 
seen  it  so  stated  by  any  one  writing  on  the  subject.  It  is,  however, 
claimed,  and  that  justly,  that  medium  sized  beets  are  apt  to  be  richer 
in  sugar  than  larger  ones,  and  under  ordinary  conditions  they  will 
be  richer  than  very  small  ones.  It  should  be  remembered  that  such 
statements  are  only  true  in  a  general  sense  and  do  not  exclude  ex- 
ceptions either  way.  Having  seen  so  many  exceptions  to  the  state- 
ment that  large  beets  were  apt  to  be  poor  in  sugar,  I  endeavored  to 
determined  the  influence  of  size  upon  the  percentage  of  sugar. 

We  sometimes  find  large  beets  in  a  row  where  the  stand  is 
regular,  and  the  large  and  small  beets  have,  to  all  appearances,  had 
equal  chances,  with  the  general  conditions  favorable  to  the  forma- 
tion of  beets  rich  in  sugar.  Again  we  find  beets  grown  under 
conditions  which  we  know  from  observation  to  be  unfavorable  to 
the  growth  of  beets  rich  in  sugar,  whether  they  are  large  or  small. 
Again,*we  know  that  beets  grown  from  diflTerent  seed,  and  on  diflTerent 
plots  of  ground,  differ  in  quality.  I  shall  give  examples  showing 
this  to  be  the  case  with  different  parts  of  rows,  one  end  yielding 
markedly  better  beets  than  the  other,  without  regard  to  size. 

§  41.  In  order,  then,  to  study  whether  a  large  size  has  any 
prejudicial  relation  to  the  sugar  content,  I  took  beets  of  different 
sizes  grown  under  the  same  conditions,  i.  6.,  I  took  all  of  the  beets 
growing  in  a  certain  length  of  row  and  analyzed  each  one  separately 
where  they  were  large  enough  to  make  a  sample ;  if  not,  two  were 
taken  together. 

This  was  done  with  a  number  of  rows,  and  the  results  are  given 
in  the  following  table : 

TABLE  IV.— RELATION  OP  SIZE  OP  BEETS  TO  SUGAR  CONTENT. 

Weight  of  Percentage  of  Coefficient 

Number,      Beet  in  Pounds.         Sugar  in  Beet,  of  Purity, 

1 4.40  ia35  79.6 

2 4.00  14.16  7.3.0 

3 a25  14.96  81.9 

4 2.90  16.06  86.1 

5 2.60  14.77  80.8 

6 2.40  14.44  76.8 

7 1.75  16.96  82.5 

8 1.60  15.39  79.7 

9 1.50  15.06  81.0 

10 1.50  15.68  83.1 

11 1.46  16.44  79.9 

12 1.20  15.77  85.8 

13 0.75  14.73  77.5 

14 0.62  15.44  81.0 

15 0.62  15.68  83.4 

16 0.62  12.97  70.3 

17 0.50  14.30  74.5 

18 0.40  14.68  78.0 
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§  42.  This  set  of  samples  shows  that  beets  ranging  from  1.20 
to  1.75  pounds,  Nos.  12  to  7  inclusive,  are  preferable  to  either 
larger  or  smaller  beets.  It  happens  that  we  have  six  beets  ranging 
from  2.4  to  4.4  pounds,  showing  an  average  of  14.62  per  cent,  of 
sugar,  and  six  beets  weighing  less  than  a  pound  each,  whose 
average  sugar  content  is  14.60  per  cent.  I  consider  this  a  reason- 
ably fair  test  of  this  point,  as  the  samples  are  of  the  same  variety 
and  taken  consecutively,  emd  from  a  portion  of  the  rows  where  the 
stand  was  perfect    The  beets  were  mature  and  in  fine  condition. 

§  43.  Another  set  of  samples  was  taken  of  another  variety 
which  had  grown  near  an  irrigating  ditch,  and  near  the  edge  of  the 
patch.  I  knew  that  these  conditions  tended  to  the  growth  of  large 
beets  of  low  quality.  But  I  desired  to  see  what  the  relation  of  size 
to  quality  was  in  these.  This  variety  was  not  known.  The  seed  was 
purchased  for  Lane's  Imperial,  but  they  were  not  Lane's  Imperial, 
being  a  sugar  beet  of  the  type  of  the  Kleinwanzlebener,  and  but 
little  inferior  to  this  variety  when  grown  under  like  conditions. 
This  variety,  under  fairly  favorable  conditions,  showed  an  average 
of  13.25  per  cent,  sugar,  against  13.97  per  cent,  for  the  Klein- 
wanzlebener. A  sample  of  this  variety,  grown  on  my  own  plot  and 
taken  a  few  days  before  these,  showed  12.59  per  cent,  sugar,  with  a 
coeflBcient  of  purity  of  77.6. 

TABLE  v.— RELATION  OP  SIZE  OP  BEETS  TO  SUGAR  CONTENT— 

(Continued). 

Weight  of  Percentage  of       Coefficient 

Number,  Beets  in  Pounds,     Sugar  in  Beets,      of  Purity, 

1 8.62  10.59  67.5 

2 8.12  10.45  68.3 

3 6.90  9.64  62.5 

4 6.70  9.50  65.2 

5 5.16  10.46  65.9 

6 3.15  12.11  72.3 

7 2.88  10.45  67.0 

8 2.82  9.26  62.1 

9 2.71  10.21  64.7 

10 2.27  8.46  66.6 

11 2.01  9.98  66.0 

12 1.78  10.45  66.6 

13 1.55  12.35  70.1 

14 1.08  10.45  65.9 

16 0.26  11.88  69.7 

§  44.  This  set  of  samples  is  no  more  decisive  tlian  the  pre- 
ceding. If  it  shows  anything,  it  is  that  beets  from  one  quarter 
to  one  and  three  quarter  pounds  will  be  better  than  larger  beets  ; 
but  taking  the  individual  beets,  we  observe  that  the  eight-pound 
beets  are  as  good  or  better  than  the  one  pound  sample,  and  that  the 
three-pound  sample  is  better  than  the  one  quarter  pound  one.  The 
size  seems  less  determinative  under  conditions  of  abundant 
moisture  and  favorable  soil  conditions  than  under  others. 
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§  45.  Being  altogether  dissatisfied  with  the  results  of  these 
observations,  I  thought  to  eliminate  the  variation  in  the  individual 
beets  by  digging  a  section  of  a  row,  dividing  the  beets  according  to 
weight  into  different  samples,  and  determining  the  sugar  in  these. 
Further,  to  decrease  the  chance  of  error  by  happening  to  get  either 
too  good  or  too  poor  a  sample,  I  took  two  sections  of  each  row,  one 
from  the  east  half  and  one  from  the  west  half,  and  further  still,  I 
took  four  varieties.  The  east  half  and  west  half  of  the  patch 
received  the  same  treatment,  except  in  one  particular.  The  dis- 
tance to  which  all  of  the  beets  so  far  mentioned  were  thinned  was 
from  6  to  8  inches.  The  results  are  interesting,  and  are  given  in 
the  following  table : 


TABLE  VI.— RELATION  OP  SIZE  OF  BEETS  TO  SUGAR  CONTENT- 

(Con  tinned). 
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§  46.  The  beets  from  the  west  half  are  by  t&r  better  than  those 
from  the  east  half,  and  this,  too,  without  regard  to  size,  so  that  the 
beets  from  the  two  halves  cannot  be  compared  with  one  another. 
The  number  of  beets  exceeding  1.5  pounds  from  the  east  half  stand 
to  those  from  the  west  half  as  more  than  2  to  1.  The  length  of  row 
dug  was  carefully  measured,  and  the  distance  apart  in  the  row 
determined ;  for  the  Vilmorins  it  was  7.3  inches  in  the  east,  and 
8.25  inches  in  the  west  half;  for  the  White  Imperial  it  was  6.99  in 
the  east  and  6.66  in  the  west  half;  for  the  White  French,  8.13 
inches  in  the  east  and  9.3  in  the  west  half,  and  for  the  Dippe's 
Kleinwanzlebener  it  was  6.3  in  the  east  and  6.48  inches  in  the  west 
half.  The  distance  between  the  beets  is  well  within  the  generally 
assumed  proper  limit.  The  shortest  section  of  row  dug  was  20  feet, 
and  the  length  of  the  rows  was  400  feet. 

§  47.  A  casual  inspection  of  the  table  leaves  the  impression 
that  the  beets  from  the  west  end  of  the  patch  are  smaller  than 
those  from  the  east  half,  and  are  richer  in  sugar  than  these.  This 
is  true,  but  I  do  not  believe  that  the  rest  of  the  inference  likely  to 
be  diawn,  i.  c,  that  it  is  because  of  their  smaller  size  that  they  are 
richer,  is  justified.  I  believe  that  this  depended  upon  some  other 
factor. 

§  48.  It  is  diflBcult  to  satisfy  oneself  by  a  study  of  the  results 
given  in  this  table  that  there  is  anything  shown  by  it  more 
definitely  than  by  the  preceding  ones.  Taking  each  of  the  samples 
by  itself,  that  is,  comparing  beets  grown  side  by  side,  we  find  only 
two  sets  in  the  six  where  there  is  any  decided  diflerence  in  favor  of 
the  smaller  beets,  and  these  two  are  of  the  same  variety,  the  White 
French,  and  the  larger  beets  weigh  from  3  to  7  times  as 
much  as  the  smaller  beets.  We  cannot  even  allow  this  uncertain 
advantage  to  the  smaller  beets,  in  regard  to  coefficient  of  purity,  for, 
according  to  the  table,  the  difference  is  in  favor  of  the  larger  beets. 
If  from  this  table  we  select  beets  of  the  same  size  for  comparison, 
we  will  find  that  those  from  the  west  end  are  the  richer  and  better 
beets.  The  few  exceptions  which  we  find  to  this  statement  are 
confined  to  the  White  French  variety.  If  we  had  dug  the  whole  of 
the  rows,  and  .ielected  all  of  the  beets  weighing  upwards  of  two 
pounds,  we  would  have  gotten  at  least  two  thirds  of  the  sample 
from  the  east  half  of  the  patch,  and  if  we  had,  in  the  same  manner, 
collected  a  sample  of  beets  weighing  less  than  one  pound,  we  would 
have  gotten  more  than  half  of  it  from  the  west  end,  and  these 
samples  would  not  give  us  the  data  to  judge  of  the  relation  of  size 
to  percentage  of  sugar.  It  would  be,  in  a  considerable  degree  at 
least,  equivalent  to  comparing  the  large  beets  grown  in  the  one  half 
with  the  small  beets  grown  in  the  other  half,  which  conceals  the 
relation  between  the  size  of  the  beet  and  its  percentage  of  sugar. 
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If  from  the  preceding  table  we  take  the  average  of  all  the  samples  in 
which  the  individual  beets  exceed  two  pounds,  and  compare  it  with 
the  average  of  all  those  in  which  the  beets  weighed  leas  than  one 
pound,  we  find  a  difference  of  1.5  per  cent,  sugar  in  favor  of  the 
small  beets,  which  is  actually  a  greater  difference  than  is  shown 
between  the  largest  and  smallest  beets  in  any  single  experiment  in 
the  series.  In  order  to  make  this  comparison,  we  must  take  beets 
grown  side  by  side,  which  we  have  endeavored  to  do,  finding  as 
the  result  of  the  eight  experiments  recorded  in  the  last  table,  that 
beets  weighing  about  one  half  pound  contained,  as  compared  with 
beets  weighing  upwards  of  two  pounds,  in  one  case  more  than  1 
percent,  more  sugar,  in  two  cases  more  sugar  by  0.67  per  cent.,  in 
one  case  more  by  0.19  per  cent.,  and  in  one  case  less  by  0.19  per 
cent  Of  four  varieties  experimented  with,  the  maximum  difference 
shown  by  three  of  them  in  favor  of  the  small  beets  is  0.67  per  cent., 
while  the  fourth  shows  a  difference  of  a  little  more  than  1  per  cent. 

§  49.  The  second  table  given  under  this  subject,  being  the 
results  obtained  from  an  experiment  with  beets  of  very  large  size, 
and  grown  at  or  near  the  edge  of  the  patch,  with  a  constant  and 
abundant  water  supply,  suggested  an  explanation  for  the  general 
impression  that  large  beets  are  poor  beets.  Excessively  large  sugar 
beets,  8  to  10  pounds  or  upwards,  are  unusual.  Such  beets  are 
grown  under  such  conditions  as  above  given,  at  the  edge  of  a  patch 
with  abundant  water  and  plant  food,  or  where  they  stand  alone. 
I  have  analyzed  Kleinwanzlebener  beets  grown  in  this  manner  that 
were  very  poor,  showing  less  than  half  as  much  sugar  as  the  average 
of  the  patch.  In  other  words,  very  large  size  and  low  quality  are 
associated  with  an  almost  unlimited  feeding  ground  and  abundance 
of  water.  There  was  a  single  row  of  beets  on  the  Farm  which  had 
practically  been  grown  under  these  conditions,  except  that  the  beets 
were  thick  in  the  row.  There  were  three  varieties:  Vilmorin, 
White  French  and  White  Imperial.  Samples  of  each  of  the 
varieties  were  taken  by  digging  a  piece  of  the  row  and  sorting  the 
beets  into  different  lots,  according  to  size. 
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TABLE    VII.— EFFECTS    OP    EXCESSIVE    FEEDING    GROUNDJON 
QUALITY  OP  BEETa 


TABIETY. 


Vilmorin 

White  French.. 
¥niite  Imperial 


6 
9 
9 
12 
10 
3 
II 


2.08 
0.60 
l.» 
0.S3 
l.M 
0.84 
0.17 


I 


12.78 
14.80 
11.50 
U.88 
10.81 
11.50 
10.50 


I 


75.5 
80.0 
78.0 
72.2 
68.5 
74.2 
70.7 


18.97 
18.16 


79.2 
80.8 

70.9 


§  50.  This  exhibits  the  eflfect  of  growing  free,  which  would 
probably  hav0  been  more  pronounced,  had  the  beets  not  been  so 
crowded  in  the  row.  The  Vilmorins  averaged  one  beet  to  each  3.4 
inches,  the  White  French  one  to  each  3.5  inches,  and  the  White 
Imperial  one  to  each  2.4  inches.  This  made  the  beets  so  thick  that 
they  pressed  one  another  outward  from  the  row,  and  modified  the 
effect  of  the  row  being  single  and  with  an  excess  of  room  laterally. 
In  the  case  of  the  Vilmorin  there  is  a  decided  superiority  shown  by 
the  small  beets  in  both  percentage  of  sugar  and  coefQcient  of  purity, 
1.5  per  cent,  in  sugar  and  4.5  in  purity.  The  other  two  are  so  close 
that  it  is  not  decisive.  The  average  of  the  Vilmorin  is  so  close  to 
the  value  found  for  the  sample  taken  from  the  patch  that  it  is  not 
clear  that  the  difference  is  due  to  the  amount  of  space  at  the  disposal 
of  the  beets.  In  the  other  two,  however,  there  is  a  difference  of  one 
and  one  and  a  half  per  cent.,  respectively,  in  favor  of  the  beets 
grown  in  the  patch.  The  two  soils  in  which  these  samples  were 
grown  are  equally  good,  so  far  as  one  can  judge. 

§  51.  My  conclusion  is  that  in  the  case  of  beets  growing  side 
by  side,  those  ranging  in  weight  from  one  to  two  pounds  are  richer 
in  sugar,  and  of  higher  purity,  than  either  the  larger  or  smaller, 
and  of  the  latter  that  there  is  a  slight  difference  in  percentage  of 
sugar  in  favor  of  the  smaller  beets.  But  the  difference  in  purity  is 
slightly  in  favor  of  the  larger  beets,  and  in  neither  case  is  the 
difference  great  or  constant.  But  large  beets,  grown  under  condi- 
tions differing  from  those  under  which  the  smaller  beets  have  been 
grown,  cannot  be  compared  with  the  smaller  ones.  I  also  take  it, 
as  indicated  by  the  values  obtained  from  the  samples  from  our 
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fflBgle  row,  that  two  great  a  width  between  the  rows  tends  to  have 
the  same  effect  as  permitting  the  beets  to  grow  singly. 

EFFECTS  OF  OVER   IBBIQATION. 

§  52.  The  difference  in  the  size  of  the  beets,  it  being  smaller, 
and  their  sugar  content,  it  being  higher,  in  the  west  end  of  one  of 
our  patches  than  in  the  east  end,  seemed  difficult  to  explain,  as  the 
patch  was  only  400  feet  long,  and  the  soil  seems  equally  good 
throughout  Our  field  notes,  however,  call  attention  to  the  fact  that 
the  west  end  is  hard  and  the  foliage  is  yellow,  as  though  water  had 
stood  there,  puddled  the  ground  and  produced  the  yellowness  of  the 
leaves.  As  this  was  the  only  perceptible  difference  in  the  condi- 
tions at  the  east  and  west  ends,  there  remained  nothing  else  to 
which  to  attribute  the  difference  in  the  quality  of  the  beets.  There 
was  another  patch  on  the  Farm  in  which  this  had  happened,  and 
we  collected  samples  from  this  patch  also  and  analyzed  them, 
together  with  samples  taken  from  the  same  patch,  but  which  had 
not  suffered  from  this  cause.  It  appears  from  the  table  on  page  27 
that  the  average  of  all  the  samples  taken  from  the  west  end 
exceeds  by  0.71  percent,  that  of  all  the  samples  from  the  east  end. 
An  examination  of  the  table  in  detail  shows  how  constantly  the 
samples  from  the  west  end  were  better  than  those  from  the  east  end, 
though  the  average  difference  is  only  0.71  per  cent.  The  samples 
obtained  from  the  other  patch,  consisting  of  eight  beets  each,  the 
one  yellow  from  the  effects  of  too  much  water,  the  other  taken  a  few 
feet  away  but  green  and  healthy  looking.  The  beets  of  both 
samples  were  small.  In  the  green  sample  they  averaged  0.62 
pound.  This  sample  showed  13.78  per  cent  sugar  and  79.1  purity. 
In  the  over  irrigated  sample  the  average  weight  was  0.66  pound. 
This  sample  showed  the  presence  of  17.20  per  cent  sugar  and  89.1 
coefficient  of  purity.  It  was  at  this  time  so  late  in  the  season  that 
we  could  not  follow  this  subject,  and  postponed  further  observations 
until  the  next  season,  1899.  I  was,  in  a  certain  sense,  thwarted  in 
this  part  of  my  work ;  but  in  another  sense  I  was  not  In  making 
an  experiment  with  irrigating  water  I  had  an  opportunity  to  over 
irrigate  my  beet  plot  and  subject  it  to  a  treatment  reproducing  the 
conditions  of  these  over-irrigated  patches. 

§53.  My  plot  did  not  need  water,  but  wishing  to  make 
observations  on  the  changes  in  the  amount  of  solids,  etc.,  which  go 
into  solution  and  pass  into  the  ground  water,  I  obtained,  through 
the  kindness  of  Capt  Hawley,  our  Water  Commissioner,  enough 
water  to  thoroughly  soak  the  ground,  raising  the  water  plane  quite 
to  the  surface.  This  irrigation  was  made  August  31  to  September 
2  inclusive.  The  ground  was  not  disturbed,  but  allowed  to  settle 
and  become  hard.  The  beets  were  left  to  themselves  until  dug. 
The  ground  did  become  hard,  and  the  beets  showed  the  effect  of 
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over  irrigation  by  turning  yellow  in  places.  The  average  for  this 
plot  in  1898  was  13.65,  and  the  average  for  all  samples  analyzed  at 
the  Station  that  season  was  13.62  per  cent.  The  average  for  this 
crop,  1899,  which  was  over-irrigated  in  early  September,  was  14.69 
per  cent.  I  have  no  way  of  judging  whether  I  diminished  the 
yield  by  treating  the  crop  as  I  did,  but  it  was  the  largest  yield  that 
I  have  yet  gotten  off  of  this  ground.  The  size  of  the  beets  in  the 
over-irrigated  patches  of  the  season  of  '98  give  contradictory 
indications.  It  seems  probable  that  the  yield  would  be  diminished, 
but  it  certainly  was  not  materially  affected  in  any  of  the  observed 
cases. 

§  54.  These  facts  seen  to  contradict  the  generally  accepted 
view  that  a  rainfall  in  the  latter  part  of  September  or  early  October 
may  effect  the  beets  unfavorably.  I  recorded,  in  1897,  the  effect  of 
a  rainfall  of  about  .75  of  an  inch  as  depressing  the  sugar  content  to 
an  extent  which  the  beets  did  not  overcome  for  three  weeks.  I 
think  that  the  explanation  is  not  difficult.  A  moderate  rainfall 
may  do  one  of  two  things,  according  to  the  condition  of  the  crop  at 
the  time  of  its  fall.  If  the  crop  is  growing  slowly,  but  has  not 
begun  its  rest  period,  the  rain  may  very  materially  increase  its  rate 
of  growth,  and  an  increase  in  weight  of  crop  may  take  place  more 
rapidly  than  the  formation  of  sugar.  This  would  produce  a 
depression  in  the  percentage  of  sugar  present,  but  the  percentage 
might  be  subsequently  regained  or  exceeded.  If  the  crop  had 
already  begun  its  resting  period,  had  begun  to  ripen,  the  rain 
might,  as  it  often  does,  produce  a  new  growth,  that  is,  a  second 
growth,  in  which  new  leaves  are  produced,  a  fact  familiar  to  every 
one.  In  this  case  there  is  a  real  diminution  of  the  sugar  present, 
and  not  only  an  apparent  one  due  to  a  disproportionately  large 
increase  in  the  weight  of  the  crop.  In  the  over  irrigation  we  have 
neither  of  these  cases.  On  the  contrary,  the  effort  was  to  keep  the 
beets  growing  steadily,  but  to  puddle  the  soil  tightly  about  them  at 
a  period  not  too  much  in  advance  of  their  normal  time  of  maturing 
and  then  to  leave  them.  I  do  not  believe  that  the  same  results  would 
follow  in  all  soils,  nor  if  the  excessive  irrigation  should  be  applied 
at  a  time  when  it  would  cause  the  crop  to  take  on  a  new  growth, 
but  there  does  seem  to  be  enough  promise  in  it  to  justify  a 
sufficiently  extensive  series  of  experiments  to  determine  the  exact 
conditions  of  soil  and  time  when  it  will  produce  advantageous 
results,  as  there  is  no  doubt  but  that  such  conditions  exist.. 

BEET   ASH   AND   ITS   COMPOSITION. 

§  55.  In  1897  I  endeavored  to  determine  the  ash  at  different 
periods  in  the  development  of  the  beet,  and  the  effect  of  the  different 
soil  conditions  upon  the  composition  of  the  ash.  There  was  a  series 
of  analyses  of  beet  ashes,  seventeen  in  number,  made  during  the 
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season.  Thirteen  of  these  ashes  represented  varieties  of  sugar  beets, 
mostly  the  Klein wanzlebener  variety.  The  reason  that  my  work 
was  confined  to  this  one  variety  was  that  the  results  obtained 
showed  80  little  variation  that  the  information  to  be  obtained  did 
not  promise  to  be  commensurate  with  the  labor  involved.  Our 
conclusion  from  that  series  of  analyses  was,  that  probably  owing  to 
the  richness  of  the  soil  in  the  elements  of  plant  food  necessary  for 
the  beet,  the  alkali  present  had  exerted  but  little  or  no  influence  on 
the  composition  of  the  ash.  The  ash  in  that  series  which  showed 
the  largest  amount  of  soda  was  one  prepared  from  beets  grown  on  a 
Farm  plot  free  from  alkali,  or  as  much  so  as  any  of  our  soils.  The 
only  thing  which  yie  observed  in  the  analyses  which  might  be  taken 
as  indicating  anything  characteristic  of  the  soil,  was  the  tendency 
shown  toward  a  high  chlorin  percentage.  We  have  not  endeavored 
to  study  this  subject  in  such  detail  in  the  subsequent  years,  but 
have  reduced  the  number  of  samples,  enlarging  them  at  the  same 
time,  so  as  to  make  them  thoroughly  representative.  As  we  had 
selected  the  Kleinwanzlebener  variety  in  1897,  we  selected  it  also 
in  1898.  The  samples  were  not  only  of  the  same  variety,  but  were 
grown  on  the  same  ground,  so  the  ashes  ought  to  give  us  a  measure 
of  the  influence  of  the  manure  applied,  and  the  effect  of  the  culti- 
vation if  the  composition  of  the  ash  is  materially  affected  by  these 
factors.  Our  conclusion  in  1897  in  regard  to  this  pomt,  was  that 
the  composition  of  beet  ashes  was  relatively  constant,  within  com- 
paratively narrow  limits.  The  following  analyses  corroborate  this 
view,  though  they  are  not  given  for  this  purpose : 
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TABLE  VIII.-GIVING  COMPOSITION  OP  ASHES  OP  BEETS  GROWN 
WITH  AND  WITHOUT  MANURE. 


Dry  Matter  in  Beets 

A«h  in  Dry  Matter 

Inaolable  Ash 

Bolable  Ash 

Ash  in  Fresh  Sample 

Carbon 

Band 

SiUca 

Salpharic  Acid 

Phosphoric  Acid 

Carbonic  Acid 

Chlorin 

Potassic  Ozid 

SodicOxid 

Calcic  Oxid..... 

Maf^esicOzid 

Ferric  Oxid 

Alairinio  Oxid 

Manganic  Oxid 

Loss  on  Ignition 

8am 

Oxygen  Eqoiyalent  to  Chlorin. . . 

Total 


Ui 


a«si 


19.770 

i.eso 

1.075 
4.575 
1.117 

Trace. 

1.440 

0.946 

2.760 

9.964 

18.106 

10.752 

40.061 

8.699 

2.549 

6.745 

0.273 

0.087 

0.196 

1.519 

108.109 

2.428 


100.686 


Ill 
III 


20.822 
5.433 
0.921 
4.512 
1.181 

Trsc*». 

1.079 

0.887 

8.062 

8.484 

17.002 

11.867 

87.923 

12.184 

2.612 

5.866 

0.306 

0.808 

0.331 

1.626 

108.062 

2.672 


100.390 


ir 


hi 

2  & 


18.090 
6.491 
1.889 
5.102 
1.174 

Trace. 
1.188 
1.102 
8.476 
8.668 
15.690 
18.599 
42.976 
8.811 
1.951 
5.573 
0.146 
0.538 
0.196 


102.912 
2.889 


100.073 


ao 


agg 


23.704 
5.476 
0.860 
4.626 
1.298 

Trace. 
1  125 
0652 
8.864 
6.923 
22.800 
6.966 
38.322 
12.786 
2.856 
5.156 
0.288 
0.100 
0.152 
1.582 


101.922 
1.570 


100.852 


1^1 

m 

?5 


17.500 
5.469 
1.311 
4.158 
0.967 

Trace. 
0.981 
1.264 
2.878 
6.088 
19.177 
10.887 
40.065 
11.161 
3.409 
5.264 
0.414 
0.774 
0.186 


102.496 
2.441 


100.067 


28.498 
4.000 
1.850 
2.660 
0.940 

Trace. 
2.618 
1.378 
8.747 
8.613 

16.890 
5.699 

40.525 
5.878 
4.106 
7.226 
0.896 
0.184 
0.810 
8.454 


101.014 
1.284 


99.780 


24.428 
4.500 

I.ISO 
8.350 
1.099 

Trace. 
2.180 
1.234 
3.918 
9.109 

15.294 
9.464 

88.572 
9.219 
2.960 
7.242 
0.707 
0.198 
0.204 
2.806 


102.496 

2.132 

100.866 


§  56.  This  table  shows  the  composition  of  beet  ashes  obtained 
from  beets  grown  on  three  different  soils  and  under  different  condi- 
tions, both  of  season  and  cultivation.  The  differences  in  the 
percentage  of  dry  matter  in  these  samples  are,  as  I  have  already 
suggested,  to  be  attributed  to  seasonal  influences  rather  than  to 
differences  due  to  variety  and  cultivation.  But  whether  the  other 
differences,  such  as  is  observed,  for  example,  in  the  percentage  of 
the  phosphoric  acid,  is  to  be  attributed  to  the  differences  in  the 
soils,  season  or  cultivation,  appears  open   to   doubt,  though   the 
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higher  percentage  of  this  acid  in  the  ash  of  beets  grown  on  the 
manured  ground  indicates  that  the  cultivation  has  an  influence 
upon  the  amount  of  this  component  of  the  ash,  tending  to  increase 
it.  On  page  48,  Bulletin  46,  is  given  an  analysis  of  the  ash  of  a 
sample  of  Kleinwanzlebener  beets  grown  in  New  Mexico,  in  which 
we  have  less  than  4  per  cent.  (3  336  per  cent.)  of  phosphoric  acid, 
showing  that  ash  from  the  same  variety  may  have  a  varying 
composition,  due  to  differences  of  soil,  and  it  may  be  that  the  lower 
phosphoric  acid  in  the  Vilmorin  ashes,  given  in  the  table,  is  due  to 
this,  and  not  to  variety,  for  these  samples  were  grown  on  different 
plots  in  1897  and  1898,  while  the  Kleinwanzlebener  samples  were 
grown  on  tlie  same  plot,  one  half  of  which,  however,  had  received  a 
dressing  of  manure.  The  percentage  of  chlorin  shows  the  greatest 
change  as  a  result  of  the  cultivation  and  continued  cropping.  In 
1897  the  ash  of  the  Kleinwanzlebener  beets  contained  12.599  per 
cent,  of  chlorin  ;  in  1898.  grown  on  the  portion  which  had  not  been 
manured,  the  ash  contained  11.857  per  cent.,  and  the  ash  of  the 
beets  grown  on  the  manured  portion  contained  10.752  per  cent. 
The  highest  percentage  of  chlorin  found  in  the  ashes  of  the  Zehrin- 
gen  variety,  in  1899,  was  9.464  per  cent.,  while  the  Klein wanzle- 
beners  showed  only  5.699  per  cent,  chlorin  present  in  the  ash. 
These  last  two  samples  were  grown  on  soil  which  had  not  at  any 
time  received  a  dressing  of  manure.  These  percentages  indicate  a 
decrease  in  the  amount  of  chlorin  taken  up  by  the  beets,  as  the  soil 
conditions  are  improved.  There  has  been,  at  the  same  time,  an 
improvement  in  the  quality  of  the  beets.  In  1897  the  Klein- 
wanzlebener variety  showed  11.76  per  cent,  sugar,  76.0  purity  ;  in 

1898,  13.97  per  cent,  sugar,  84.6  purity ;  in  1899,  15.34  per  cent, 
sugar,  80.8  purity.  For  two  years,  1897  and  1898,  the  percentages 
of  sulphuric  acid,  phosphoric  acid,  lime  and  magnesia  remained 
almost  the  same.  In  1899,  however,  the  percentages  of  lime  and 
magnesia  increased  by  about  1  per  cent,  in  each  case.     Previous  to 

1899,  the  highest  percentage  found  for  the  magnesia  was  5.74  per 
cent.,  but  in  1899  it  reached  7.25  per  cent.,  an  increase  of  1.5  per 
cent.  In  the  case  of  the  lime,  the  highest  percentage  found,  in  1897 
and  1898,  was  2.826  per  cent.;  in  1899,  4.106  per  cent;  also  an 
increase  of  nearly  1.5  per  cent.  These  samples  were  grown  on  the 
same  plots,  and  were  of  the  same  variety  of  beets.  The  changes 
observed  are  toward  a  closer  agreement  with  other  analyses  than 
heretofore.  These  percentages  do  not  establish  permanent  changes, 
but  do  show  the  tendency  which  the  continued  cropping  and  culti- 
vation of  this  soil  has  to  modify  its  effects  upon  the  mineral  matters 
taken  up  by  the  plants.  The  tables  giving  the  percentage  of  sugar 
and  the  coefficient  of  purity  for  these  crops  show  a  decided  im- 
provement in  the  three  years  covered  by  the  experiments,  and  the 
analyses  of    the  ashes  shoT    the    tendency     which    manuring, 
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cultivation  and   continued   cropping  to  the  same    crop,  has    to 
ameliorate  the  effects  of  unfavorable  soil  conditions. 

§57.  Reference  was  made  to  the  question  as  whether  the 
manure  added  to  the  soil,  acted,  in  this  case,  as  a  fertilizer  or  as  a 
mechanical  agent,  simply  improving  the  physical  condition  of  the 
soil.  The  composition  of  the  ash  shows  that  its  action  is  not  merely 
physical  but  is  well  marked  chemically,  in  that  the  percentage  of 
chlorin  is  lowered  and  that  of  phosphoric  acid  is  increased. 

§  58.  Reference  to  the  Tables  Nos.  I.  and  II.,  showing  the 
percentage  of  sugar,  etc.,  for  the  years  1898  and  1899,  will  show 
that  the  effect  of  the  manure  upon  the  sugar  content  and  coefficient 
of  purity  was  not  marked  until  the  end  of  the  season,  or  the  period 
of  ripening.  This  was  especially  true  in  1898;  the  difference  in 
favor  of  the  not  manured  plots  being  greater  in  1899  than  in  1898. 
It  should,  however,  be  borne  in  mind  that  all  of  the  beets  in  *99 
are  remarkably  high  in  sugar,  and  quite  up  to  the  average  in 
purity,  and  while  the  beets  grown  on  the  plots  having  received  no 
manure  were  better  than  those  grown  on  plots  which  had  received 
manure,  it  is  not  to  be  inferred  that  the  latter  were  poor  beets  in 
regard  to  either  sugar  content  or  purity,  for  the  averages  for  the  two 
varieties  grown  on  the  manured  plots  in  1899  were  15.05  per  cent 
sugar,  81.7  purity,  and  14.15  per  cent,  sugar,  77.7  purity,  while 
those  grown  without  manure  showed  15.34  per  cent,  sugar,  80.8 
purity,  and  16.24  per  cent,  sugar  and  84.5  purity. 

The  effects  of  the  straw  were  probably  almost  wholly 
mechanical,  and  this  effect  was  very  evident.  The  effect  of  the 
sheep  manure  was  evident  in  the  improvement  of  the  physical 
condition  of  the  soil,  in  the  germination  of  the  seed,  the  more 
vigorous  growth  of  the  crop,  the  shape  of  the  beets,  the  sugar  con- 
tent of  the  beets,  the  coefficient  of  purity,  and  in  its  effects  upon  the 
composition  of  the  ash. 

§  59.  The  effects  of  the  manure  upon  the  vigor  of  the  growth, 
the  percentage  of  sugar  and  the  coefficient  of  purity  were  quite  as 
marked  in  the  second  as  in  the  first  crop  grown  on  the  soil  after  the 
application  of  the  manure.  The  manure  being  more  thoroughly 
incorporated  with  the  soil  the  second  year,  did  not  produce  as 
marked  effects  upon  the  shape  of  the  beets  as  it  did  the  first  year. 

COMPOSITION    OF   THE   MANURE   APPLIED. 

§  60.  It  has  already  been  stated  that  the  amount  of  manure 
applied  was  at  the  rate  of  sixty-four  tons  to  the  acre,  also  that  it 
was  applied  broadcast  in  February  and  plowed  under  in  May.  At 
the  time  of  the  application  of  the  manure,  my  opinion  was  that 
this  soil  was  so  abundantly  rich  in  plant  food  that  the  only  effect  of 
the  manure  would  be  mechanical.     The  results  observed  show  that 
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its  effects   were  varied,  and   it  apparently    produced    important 
chemical  changes  in  the  soil,  because  of  its  fertilizing  ingredients. 

§  61.  This  manure  contained,  at  the  time  of  its  application, 
45.14  per  cent,  of  dry  matter,  or  28.89  tons  of  dry  matter  was 
applied  per  acre. 

§  62.  The  ammonia  in  the  fresh  manure  was  equal  to  0.926 
per  cent,  of  nitrogen.  This  determination  was  made  by  distillation 
with  magnesic  oxid,  to  learn  how  much  of  the  total  nitrogen  existed 
in  the  manure  in  the  form  of  ammonia  and  ammonia  salts ;  also  to 
learn  how  great  a  loss  might  be  suffered  by  the  volatilization  of  this 
compound  under  the  influence  of  our  winds  and  sunshine.  The 
loss  in  our  particular  case  was  probably  large,  as  the  weather  re- 
mained clear  for  some  time  after  the  application  of  the  manure,  and 
dried  it  out  until  it  became  very  dry.  The  percentage  of  the  total 
nitrogen,  which  was  set  free  as  ammonia  by  the  magnesic  oxid,  was 
47.22  per  cent.,  and  the  amount  expelled  by  drying  the  manure  to 
a  constant  weight  in  a  water  oven  was  60.73  per  cent,  of  the  total. 
I  do  not  know  the  power  of  this  soil  to  absorb  the  ammonia  which 
was  ready  formed  in  the  manure,  but  it  is  evident  that  the  danger 
of  loss  was,  under  the  conditions  given,  greater  than  one  would 
expect.  Had  rain  fallen  immediately  after  the  application,  the  loss 
would  have  been  much  smaller  than  it  probably  was. 

§  63.  The  total  nitrogen  present  in  the  manure  was  1.940  per 
cent.,  or  the  nitrogen  applied  was  at  the  rate  of  2,483.2  pounds  per 
acre ;  or  if  we  allow  a  loss  of  one  fourth  of  the  nitrogen,  due  to 
volatilization  and  failure  of  the  soil  to  absorb  the  ammonia,  there 
would  remain  1,861.6  pounds  to  the  acre.  The  phosphoric  acid  in 
the  fresh  manure  was  0.654  per  cent,  or  an  application  of  837.1 
pounds,  equivalent  to  1,573.4  pounds  of  calcic  hydric  phosphate  per 
acre. 

§  64.  The  potassic  oxid  equaled  2.427  per  cent  of  the  fresh 
manure,  or  a  dressing  of  4,077.36  pounds  of  potassic  oxid  to  the 
acre,  equivalent  to  8,543.11  pounds  of  potassic  sulphate.  We  have 
the  application  of  2,483.2  pounds  of  nitrogen,  1,573.4  pounds  of 
calcic  hydric  phosphate  and  8,543.1  pounds  of  potassic  sulphate, 
or  their  equivalent,  together  with  nearly  25  tons  of  organic  matter, 
producing  the  effects  recorded  in  the  preceding  pages. 

§  65.  The  most  salient  question  suggested  by  a  comparison  of 
the  composition  of  the  manure  applied  and  the  results  produced,  is 
in  regard  to  the  phosphoric  acid  and  potassic  oxid,  the  former  being 
materially  increased  in  the  ash  of  the  beets,  while  the  ktter,  on  the 
contrary,  is  not  effected,  or  is  possibly  decreased.  The  amount  of 
potassic  oxid  applied  is  greatly  in  excess  of  the  phosphoric  acid,  and 
the  ratio  of  the  potassic  salts  to  the  phosphates  in  the  manure  is 
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greater  than  the  ratio  of  potash  to  phosphoric  acid  in  the  ash.  The 
effect  of  the  manure  is  probably  to  be  found  in  the  specific  action  of 
the  nitrogen  and  the  organic  matter.  I  think  that  the  analyses  of 
the  soil  will  tend  to  establish  this  view. 

§  66.  The  nitric  acid  in  the  ground  water  in  1898  is  more  variable 
and  much  higher  than  it  was  in  1897,  but  on  the  other  hand,  the 
water  level  stood  somewhat  higher  in  1897  than  it  did  in  1898, 
the  difference  being  about  one  foot.  I  think  that  the  smaller 
quantity  of  water  applied  to  the  surface  in  1898,  either  as  irrigation 
water  or  as  rain,  tending  perhaps  to  yield  a  more  concentrated 
percolate,  will  not  account  for  the  greatly  increased  amount  of 
nitric  acid  in  the  ground  water,  but  that  it  is  to  be  explained  chiefly 
by  the  oxidation  of  the  nitrogen  added  to  the  soil  in  the  manure. 

§  67.  The  total  solids  in  the  ground  water  in  1898  were 
higher,  as  a  rule,  than  in  1897,  but  whether  they  were  as  much 
higher  as  the  supply  of  water  was  less,  I  cannot  say.  I  know  that 
it  does  not  hold  good  that  the  total  solids  in  the  water  are  larger  in 
amount  as  the  water  is  lower.  The  greater  the  depth  of  soil  the 
water  has  to  travel  through,  the  less  likely  we  are  to  find  excessively 
large  amounts  of  the  total  solids  in  the  water. 

§  68.  In  1899  we  had  a  larger  amount  of  water  as  sub- 
irrigation  water,  and  it  may  be  doubted  whether  the  total  solids 
contained  in  the  ground  water  should  be  used  as  a  criterion  of  the 
effect  of  the  manure,  i.  e.,  as  a  measure  of  the  chemical  changes 
induced  by  the  manure.  I  regret  that  the  relation  here  is  so 
obscure  and  involved  that  it  lessens  the  value  of  the  results  ob- 
tained, but  our  observations  show  that  the  total  solids  fell  again  in 
1899  to  a  lower  point  than  they  showed  in  1897. 

Irrigation  or  heavy  rains  which  fill  the  soil  with  water,  raise 
the  water  level,  and  cause  an  increase  in  the  chlorin  contained  in 
the  ground  water.  The  manure  applied  seemed  to  make  the 
increase  more  pronounced  and  of  greater  duration. 

The  analj'ses  of  the  ground  water  in  1898  do  not  show  a 
sufiiciently  marked  difference  to  justify  any  further  inferences  than 
those  based  upon  the  nitric  acid  and  chlorin.  We  shall  discuss  this 
part  of  our  work  more  fully  in  the  succeeding  part  of  our  study. 

§  69.  The  eflects  upon  the  crop  indicate  that  the  manure 
applied  produced  not  only  mechanical  effects  upon  our  soil,  but  also 
chemical  effects,  both  tending  to  improve  its  condition  and  elimi- 
nate the  effect  of  the  alkali  in  increasing  the  percentage  of  ash.  But 
it  is  not  clear  what  relation  exists  between  the  composition  of  the 
manure  and  the  general  effects  produced.  The  observations  made 
upon  the  effects  of  the  straw,  and  the  increased  amount  of  nitric 
acid  in  the  water  (it  is  understood  that  this  nitric  acid  is  present  in 
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the  form  of  nitrates),  incline  me  to  the  view  that  the  organic  matter, 
including  the  nitrogen,  played  an  important  part  in  our  particular 
case. 

SOAKING   EXPERIMENTS. 

§  70.  It  is  a  universally  acknowledged  fact  that  the  maturing 
of  the  beet  is  accompanied  by  an  increase  in  the  coefficient  of 
purity ;  that  is,  that  the  sugar  in  the  juice  of  ripe  beets  constitutes  a 
larger  porcentage  of  the  total  solids  than  it  does  in  the  juice  of  green 
beets.  The  percentage  of  sugar  in  the  ripe  beet  is  also  higher  than 
in  the  same  beet  when  it  is  green.  The  increase  in  the  ratio  of  the 
sugar  to  the  solids  not  sugar,  might  be  due  to  an  increase  in  the 
amount  of  sugar,  without  any  change  in  the  amount  of  the  other 
solids,  in  which  case  there  would  be  an  increase  in  the  weight  of 
the  beets,  corresponding  to  the  increase  in  the  amount  of  sugar  and 
of  the  dry  matter  in  the  beet.  There  is,  however,  a  disappearance 
of  solids  not  sugar  at  this  period,  which  indicates  that  the  per- 
centage of  total  solids  in  the  beet  is  not  maintained  at  an 
approximately  constant  figure  by  a  proportional  increase  of  crop 
and  sugar  content,  but  a  proportional  decrease  of  the  one  and 
increase  of  the  other. 

§  71.  The  following  experiments  were  made  in  an  endeavor  to 
obtain  more  definite  information  on  this  subject,  i.  e.,  whether  this 
change  of  material  into  sugar  may  continue  after  the  beet  has  been 
pulled ;  for  if  we  can  prove  an  increase  in  the  amount  of  sugar, 
before  and  after  soaking,  the  probability  of  such  a  change  in  the 
living  beet  is  strengthened.  In  1897  we  found  that  <here  was  a 
period  during  which  sugar  was  rapidly  formed,  but  that  sugar  was 
present  early  in  the  history  of  the  crop,  and  that  there  was  a  slow 
increase,  after  the  growing  season  for  the  crop  had  passed,  even 
extending  up  to  the  early  part  of  January,  the  beets  having  been 
left  in  the  ground  and  covered  with  straw. 

In  1898  a  different  experiment  was  performed.  Four  varieties 
of  beets  were  chosen,  Vilmorin  Improved,  White  Imperial,  White 
French  and  Klein wanzlebener.  Sixty- eight  beets  of  the  first  and 
sixty  of  each  of  the  last  three  varieties  were  taken,  and  after  washing 
were  paired,  according  to  size,  and  one  of  each  pair  taken  for  imme- 
diate analysis,  while  the  other  was  taken  for  soaking.  The  halves  of  the 
samples  obtained  in  this  manner  varied  but  little  from  one  another, 
the  maximum  difference  being  six  pounds  on  a  sample  weighing 
132  pounds.  One  half  was  analyzed  immediately,  the  other  half 
was  packed  in  galvanized  iron  tubs,  with  fine  sand,  in  such  manner 
that  the  beets  did  not  touch  one  another ;  water  was  added  till  the 
tubs  were  full,  and  pieces  of  ice  were  placed  on  top  of  them.  The 
samples  were  soaked  in  this  manner  for  seven  days.  The  tempera- 
ture of  the  water  in  the  interior  of  the  sand  ranged  from  41°  to  48° 
F.  throughout  this  time.     The  results  were  as  follows: 
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TABLE    IX.— SHOWING    THE    EFFECTS    OF    SOAKING   BEETS   ON 
THE  SUGAR  CONTENT. 


1808. 


1899. 


Varied. 


Vilmorin  ImproTed. 

White  Imperial 

White  French 

Klein  wanzlebener. . . 

Zehringen 

iSehringen 

Vilmorin 

Vilmorin 


ilTerage. 


Befora  BoAkific. 


is 


34 
30 

ao 

80 
30 
15 
80 
15 


-I 


65.00 
59.50 
67.40 
24.70 
35.12 
18.48 
42.20 
10.25 


0 


8.2435 
6.8960 
8.8608 
3.378P 
5.2020 
2.5918 
6.6549 
3.0560 


5.6115 


76.5 
74.0 
80.3 
77.0 
78.7 
77.2 
82.0 
84.2 


78.7 


After 

SoAkixitf. 


{23 

I 


9.7657 
7.0420 
8.8797 
8.5644 
5.6451 
2.7628 
6.8969 
8.10e6 


5.9580 


Sp 


78.8 
74.4 
86.1 
88.5 
84.4 
83.8 
82.7 
82.5 


82.0 


§  72.  The  samples  taken  were  large  enough  to  eliminate  the  er- 
rors in  sampling,  any  effects  of  size  of  beets,  and  also  any  effects 
which  might  be  attributed  to  variety.  The  same  experiment  was  re- 
peated twice  in  1899,  using  two  varieties.  The  series  of  experi- 
ments is  wholly  consistent  in  showing  an  increase  in  the  amount 
of  sugar  after  the  seven  days'  soaking.  I  regret  that  I  have  not 
tried  this  experiment  with  beets  at  different  periods  of  their 
growth.  The  experiments  recorded  were  all  made  with  mature 
beets,  and  the  formation  of  sugar  was  going  on  slowly  and  would 
probably  have  proceeded  slowly  if  the  beets  had  remained  in  the 
ground  with  their  full  growth  of  leaves  intact. 

§  73.  The  effect  upon  the  coeflBcient  of  purity  is  quite  as 
marked  as  upon  the  amount  of  sugar  present.  In  one  case,  it  is 
true,  the  coefficient  of  purity  appears  to  have  been  lowered ;  this 
may  really  be  the  case,  but  I  am  inclined  to  consider  it  an  acci- 
dent, especially  as  the  seven  other  experiments  agree  in  showing  an 
increase  in  the  coefficient,  while  this  one  alone  shows  a  decrease. 


THE    REDUCING    POWER   OF   BEET   CHIPS. 

§  74.  Thinking  that  some  light  might  be  obtained  on  the 
preceding  subject  by  determining  the  reducing  power,  shown  by  the 
beet  pulp  after  the  extraction  of  the  sugars,  reacting  with  alpha 
naphtol,  by  means  of  80  per  cent,  alcohol,  a  series  of  experiments 
was  made,  in  which  the  ground  dried  beets  were  extracted  with 
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boiling  80  per  cent,  alcohol  so  long  as  the  solution  continued  to 
react  with  alpha  naphtol.  I  will  observe,  in  passing,  that  thi& 
alcoholic  extract  yielded,  after  the  alcohol  had  been  distilled  off, 
furfurol,  upon  distillation  with  hydrochloric  acid  of  1.06  sp.  gr. 
The  residue  thus  freed  from  sugar  was  boiled  for  thirty  minutes  in 
a  flask  provided  with  a  reflux  condenser,  with  1.25  per  cent,  hydro- 
chloric acid  solution.  The  solution  was  made  to  volum,  and  its 
reducing  power  determined.  No  furfurol  could  be  detected  as 
escaping  from  the  condenser.     The  results  were  as  follows : 

Klein wanzlebener 9-  2-^7—2.535  per  cent  pentoses. 

Kleinwanzlebener .9-22-97—3.415  per  cent,  pentoses. 

Kleinwanzlebener 10-L3-()7— 2.624  per  cent,  pentoses. 

Vilmorin 10-13-97 — 3.445  per  cent,  pentoses. 

Yellow  Globe 10-29-97—2673  per  cent,  pentoses. 

Lane's  Imperial 10-29-97—2729  per  cent,  pentoses. 

Zehringen 11-10-99—5.897  per  cent,  pentoses. 

Vilmorin 11-10-99 — 6.615  per  cent,  pentoses. 

Zehringen— after  soaking 11-10-99—5.770  per  cent,  pentoses. 

Vilmorin — after  soaking 11-10-99—5.065  per  cent,  pentoses. 

The  total  furfurol  which  the  samples  were  capable  of  yielding 
was  not  determined. 

§  75.  The  two  fodder  beets,  the  Yellow  Globe  and  the  Lane's 
Imperial,  were  included  to  see  whether  they  contained  more  or  less 
of  these  pentose  bodies  than  the  sugar  beets.  In  the  Zehringen  and 
Vilmorin  samples  of  1899,  we  observe  that  the  reducing  power  of 
the  extracted  pulp  is  high.  The  sugar  content  is  also  high,  but  the 
table  does  not  show  a  decrease  in  these  substances  as  the  beet 
matures ;  at  best,  it  is  not  conclusive,  because  the  series  is  not  ex- 
tended enough.  But  three  out  of  four  show  a  lower  percentage  for 
pentoses,  accompanying  a  lower  sugar  percentage,  and  four  out  of 
five  show  a  higher  percentage,  accompanying  the  higher  sugar 
percentage.  The  two  soaked  samples  agree  in  showing  a  decrease 
in  the  pentoses  present,  which  may  be  due  to  transformation  of 
these  bodies  into  others.  It  seems,  probable  that  not  only  the 
monosaccharids,  such  as  glucose,  may  suflFer  change  into  poly- 
saccharids,  but  that  the  pentoses  may  also  be  involved  in  similar 
changes. 

THE   SUGARS   IN    BEET   LEAVES. 

§  76.  I  have  tried  four  methods  in  my  efforts  to  prove  the 
presence  of  sucrose  in  the  leaves  and  to  determine  its  quantity. 

1  The  first  one  tried  was  the  investigation  of  the  expressed  juice 
of  the  leaves.  This  was  very  unsatisfactory,  and  led  to  no  conclu- 
sion except  that  there  is  in  the  juice  of  the  leaves  one  or  more 
bodies  which  yield  upon  hydrolysis  with  hydrochloric  acid  bodies 
which  reduce  Fehling's  solution,  but  I  did  not  succeed  in  establish- 
ing the  presence  of  sucrose  by  this  method. 
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§  77.  The  expressed  juice  of  the  leaves  was  subjected  to  fer- 
mentation and  subsequent  distillation.  Two  thousand  seven  hun- 
dred and  forty-nine  grams  of  juice,  expressed  from  fresh  leaves, 
stems  and  blades  being  used,  received  a  quantity  of  compressed 
yeast  and  was  allowed  to  stand  36  hours  at  a  temperature  of  from 
26°  to  31°  C,  after  which  it  was  subjected  to  distillation.  A  blank 
test  was  made  as  a  control.  The  results  showed  the  probability  of 
fermentable  sugars  in  very  small  quantities  in  the  juice  of  the 
leaves. 

§  78.  A  larger  quantity,  30  pounds,  of  stems  of  leaves  were 
gathered  October  20,  1899,  when  the  deposition  of  sugar  was  sup- 
posed to  be  active,  dried  quickly,  ground,  and  subsequently  ex- 
tracted with  80  per  cent,  alcohol.  The  alcohol  was  distilled  off  and 
the  extract  concentrated,  a  little  ammonia  being  added  from  time 
to  time.  The  fluid  extract  was  treated  repeatedly  with  ether  to  re- 
move the  chlorophyll,  etc.;  an  aliquot  part  of  it  was  taken  and 
treated  with  lead  acetate,  the  sugars  inverted  by  hydrochloric  acid, 
determined  by  Fehling's  solution  and  calculated  as  sucrose.  The 
total  sugars  found  corresponded  to  0.28  per  cent,  calculated  on  the 
green  stems.  The  inversion  was  quite  difficult  to  effect,  much  more 
so  than  the  inversion  of  pure  solutions  of  cane  sugar. 

§  79.  The  fourth  method  followed  was  that  of  Brown  and 
Morris,  t.  c,  extraction  with  ether,  and  solution  of  sugars  in  alcohol; 
treatment  with  lead  acetate,  removal  of  lead ;  determination  of 
glucose  by  means  of  Fehling's  solution  ;  inversion  of  maltose  by 
means  of  invertin,  and  inversion  of  all  of  the  invertible  sugars  by 
hydrochloric  acid. 

§  80.  A  sample  of  leaves,  Kleinwanzlebener  variety,  gathered 
September  2,  9  a.  m.,  when  the  beets  were  growing  vigorously,  gave 
the  following  results : 

Glucose 0.156  per  cent. 

Maltose—^ 0.030  per  cent. 

Sucrose 0.000  per  cent. 

Total 0.186  percent. 

Kleinwanzlebener,  leaves  gathered  September  22,  9  a.  m. : 

Glucose 0.801  per  cent. 

Maltose 0.023  per  cent. 

Sucrose 0.064  per  cent. 

Total 0.888  per  cent. 
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Kleinwanzlebener,  leaves  gathered  October  13,  10  a.  m. : 

Glucose 0.398  per  cent. 

Maltose 0.394  per  cent. 

Sucrose Lost  percent. 

TotaL— 0.792  per  cent. 

Vilmorin,  leaves  gathered  October  13, 10  a.  m. : 

Glucose 0.398  per  cent. 

Maltose 0.186  per  cent. 

Sucrose 0.000  per  cent. 

Total— 0.436  per  cent. 

These  results  agree  in  showing  the  presence  of  glucose  and 
maltose,  the  latter  being  present  in  smaller  quantity  than  the  glu- 
cose, while  cane  sugar  is  present  in  subordinate  quantities  or  ab- 
sent. 

As  experiments  show  that  the  alcoholic  extract  of  beet  leaves 
yields  furfurol  when  distilled  with  hydrochloric  acid,  indicating  the 
presence  of  pentoses  in  this  extract,  which  are  susceptible  of  hydro- 
lysis, it  cannot  be  considered  as  rigorously  proven  that  there  is  any 
cane  sugar  present,  though  the  probability  of  its  presence  seems 
quite  strong.  But  it  is  much  less  than  has  been  found  in  the 
leaves  of  other  plants  which  do  not  store  sugar  as  a  supply  for  the 
future  use  of  the  plant. 
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§  81.  The  effect  of  the  alkali  is  noticeable,  but  to  a  less  extent 
than  in  1897,  and  the  area  in  which  its  effects  appear  are 
more  restricted. 

The  application  of  straw,  as  well  as  of  manure,  improved  the 
condition  of  the  ground  and  perceptibly  mitigated  the  effects  of 
the  alkali. 

The  application  of  manure  improved  the  stand  of  beets,  but 
did  not  prevent  a  failure  to  germinate  in  some  spots. 

The  amount  of  water  received  by  the  crop  of  1898,  rain  and 
irrigation  water  together,  was  about  eight  inches. 

The  water  plane  varied  from  three  to  six  feet  below  the  surface 
in  different  portions  of  the  patch  at  various  times  during  the  season. 

The  force  of  capillarity  caused  water  to  rise  45  inches  as  a 
maximum,  the  surface  of  the  soil  being  protected  from  wind  and 
sun. 

The  plot  receives  subirrigation,  though  there  is  a  drain  and  an 
open  ditch,  supposed  to  intercept  this  water. 

The  cultivation  in  1897  differed  in  one  respect  from  that  given 
in  1898  and  1899.  In  1897  the  crop  received  two  irrigations  and 
more  cultivations  than  in  the  latter  years.  The  soil  was  kept  more 
mellow.  In  1899  it  was  purposely  firmed  about  the  beets  in 
September,  and  no  effort  was  made  to  mellow  it  after  this.  The 
percentage  of  sugar  in  1898  and  1899  was  higher  than  in  1897. 
This  was  in  part  caused  by  the  condition  of  the  soil  produced  in 
1899  by  intentional  over-irrigation. 

The  effects  of  the  manure  upon  the  crop  was  to  produce  ill 
shaped,  rooty  beets,  also  to  slightly  lower  the  percentage  of  sugar 
and  the  coefficient  of  purity.  Its  effect  on  the  shape  of  the  beets 
was  far  more  serious  than  that  on  the  percentage  of  sugar  and 
coefficient  of  purity. 

The  conclusion  reached  in  1897,  relative  to  the  effect  of  the 
alkalized  condition  of  the  soil  upon  the  percentage  of  sugar  in  the 
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crop,  is  corroborated  by  the  observations  of  the  years  1898  jind 
1899,  i.  e.y  that  the  alkali  per  se  is  not  injurious  in  such  quantities 
as  it  is  present  in  any  part  of  our  plot. 

The  effect  of  the  manure  upon  the  shape  of  the  beets  was 
noticeable  the  second  season  after  its  application,  but  it  was  less 
marked  than  it  was  the  first  season.  But  its  effect  upon  the 
percentage  of  sugar  and  the  coefficient  of  purity  was  almost  as 
marked  the  second  year  after  its  application  as  it  was  the  first  year. 
The  peculiar  soil  conditions  are  in  part  the  cause  of  this,  for  they 
retard  the  rotting  and  complete  incorporation  of  the  manure  with 
the  soil. 

The  marked  increase  in  the  percentage  of  sugar  at  the  period 
of  ripening,  observed  in  1897,  was  not  observed  in  the  years  1898 
and  1899.  The  difference  in  the  manner  of  maturing  is  attributed 
to  the  difference  in  the  seasons.  It  is  possible,  though  not  probable, 
that  such  increase  had  already  taken  place  before  we  took  our  first 
samples,  September  27.  The  beets  did  not  show  any  signs  of 
having  ripened  at  this  time. 

The  beets  from  the  Farm  plots  and  our  alkali  ground  showed 
no  difference  in  this  respect,  corroborating  the  observatioD  of  1897, 
that  the  alkali  was  without  influence  on  the  maturing  of  the  beet. 

Cut  straw  was  applied  to  one  section  in  order  to  compare  its 
effects  with  those  of  the  manure,  as  a  measure  of  the  extent  to 
which  the  manure  might  act  as  a  mechanical  agent.  It  benefited 
the  soil  greatly,  its  mechanical  effect  being  nearly  as  great  as  that 
of  the  manure,  but  the  effects  of  the  manure  were  in  other  respects 
much  greater. 

The  percentage  of  dry  matter  in  the  beets  of  the  years  1898 
and  1899  was  higher  than  in  1897,  due,  probably,  to  seasonal 
differences.  The  average  difference  for  beets  from  my  plot  was  4.9 
per  cent,  in  1898  and  3.8  per  cent,  in  1899. 

The  average  percentage  of  sugar  in  the  crop  for  1898  was, 
after  making  allowance  for  some  drying  out  of  the  samples,  13.62 
per  cent.  The  average  of  the  crop  grown  on  alkali  soil  was  13.65 
per  cent. 

Medium  sized  beets  are  apt  to  be  better  than  either  large  or 
small  beets,  but  the  size  is  less  determinative  of  the  quality  of  the 
beets  than  the  conditions  under  which  they  grow.  Beets  weighing 
two  pounds  and  upwards  are  quite  as  rich  as  those  weighing  less 
than  one  pound,  if  they  have  been  grown  under  the  same 
conditions. 
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The  effect  of  excessive  free  space  was  studied  on  a  row  planted 
singly,  with  unoccupied  ground  for  several  feet  on  either  side.  The 
beets  were  very  close  to  one  another  in  the  row.  The  average 
percentage  of  sugar  was  lower  than  shown  by  the  same  varieties 
grown  in  rows  twenty  inches  apart. 

Over  irrigation  applied  at  the  proper  time,  produces,  in  some 
soils,  an  increase  in  the  percentage  of  sugar,  without  materially,  if 
at  all,  decreasing  the  crop. 

The  continued  cropping  and  cultivation  of  our  plot  has  slightly 
decreased  the  percentage  of  ash  in  the  beet  and  changed  its  compo- 
sition, particularly  lowering  the  percentage  of  chlorin. 

If  fresh  beets  be  soaked  for  seven  days  in  water  cooled  by  ice, 
an  actual  increase  of  sUgar  takes  place,  indicating  the  formation  of 
sugar  in  the  beet  root. 

The  substances  in  beet  chips  hydrolized  by  dilute  hydrochloric 
acid,  are,  as  a  rule,  higher  in  beets  rich  in  sugar  than  in  stock  beets, 
or  in  those  having  a  lower  percentage  of  sugar. 

The  leaves  of  the  sugar  beet  contain  some  glucose  and  maltose, 
but  only  small  quantities,  if  any,  sucrose. 
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A  VARIETY  TEST  AND  GENERAL  REMARKS 

—  ON — 

BUSH   FRUITS. 

CARL  H.  POTTEK. 


GENERAL   REMARKS. 

It  is  not  the  intention  in  issuing  the  present  bulletin  to 
go  deeply  into  a  consideration  of  the  culture  and  general 
management  of  bush-fruit  plantations.  This  information 
comes  to  the  practical  growers  from  many  sources. 

Good  and  abundant  cultivation  and  irrigation  is  of 
prime  importance.  A  naturally  cool  and  somewhat  moist 
soil  is  desirable,  and  in  the  hotter  portions  of  the  State  a 
partial  shade  is  often  necessary.  This  shade  is  sometimes 
obtained  by  planting  the  bushes  near  shade  trees,  or  even 
in  orchards,  but  this  latter  practice  is  not  always  looked 
upon  with  ifavor  by  our  best  orchardists.  Again,  simple 
mulching  is  used. 

The  rows  should  be  placed  at  a  liberal  distance  apart 
and  the  hills  should  not  be  crowded  in  the  rows.  A  few 
good,  vigorous  shoots  should  be  grown,  thus  better  to  resist 
the  ravages  of  the  increasing  number  of  our  insect  and 
disease  enemies. 

Prof.  Gillette,  in  Bulletin  No.  47  of  this  station,  names 
five  or  six  insect  enemies  which  are  injurious  to  our  bush 
fruits.  Of  these,  perhaps  the  worst  two  are  the  currant- 
borer,  Sesia  tipuliformisy  and  the  saw-fly,  Pristophora  grossu- 
laricB.  The  former  is  easily  removed  and  destroyed  by  the 
usual  annual  pruning,  thinning  and  burning  of  the  old  canes. 
The  larvae  of  the  saw-fly  are  easily  destroyed  by  the  com- 
mon arsenical  sprays. 

The  ravages  of  the  fruit-worm  will  be  spoken  of  in  con- 
nection with  the  fruits  injured. 

Diseases  of  the  plants  have  but  recently  become  of 
economic  importance  on  our  grounds.  They  will  furnish 
material  for  future  study  and  publication. 

Our  present  plantations  of  bush  fruits  contain  abcdit 
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seventy  varieties.  A  few  varieties  disappeared  from  the 
test-plats  during  the  last  three  years,  other  varieties  planted 
failed  to  become  established,  and  still  others  were  planted 
only  last  spring. 

The  older  plantation  was  set  in  1896.  Other  plants  and 
other  varieties  were  added  in  1897  and  in  1898,  and  a  new 
plantation  set  in  igoo.  In  so  far  as  the  blackberries  and 
raspberries  are  concerned,  these  latter  years  enter  compar- 
atively little  into  the  description  or  tests  of  plants  or  fruit 
which  follow.  The  season  of  1898  was  so  extremely  dry 
that  the  water  for  irrigation  purposes  was  entirely  inade- 
quate to  the  development  of  either  fruit  or  vine. 

This  season  of  drought  was  followed  by  the  extremely 
early  and  severe  winter  of  1898-9  which  prevented  the 
proper  covering  of  the  vines,  resulting  in  the  complete  kill- 
ing to  the  ground  of  all  the  raspberry  and  blackberry  canes, 
thus  preventing  a  crop  in  1899. 

The  canes  of  all  the  raspberry  and  blackberry  vines 
were  pinched  back  when  about  18  inches  in  height,  the 
result  being  a  fine  growth  of  well-matured  stocky  canes. 
They  were  laid  down  by  removing  the  earth  from  under- 
neath one  side  of  the  hill  and  forcing .  the  tops  in  that 
direction  with  a  fork,  then  covering  to  a  depth  of  about  3 
inches  with  earth.  By  a  yearly  practice  of  this  method  the 
roots  extend  laterally  and  are  but  little  injured  in  the  pro- 
cess of  laying  down,  while  the  canes,  though  stifif  and  stout, 
are  but  little  bent  and  are  therefore  uninjured. 

Winter  protection  is  the  only  safe  course  to  follow  in 
this  section  of  the  state. 

GOOSEBERRIE8-^f»es. 

Even  some  of  the  currants  and  gooseberries  suffered 
more  or  less  severely  by  the  extreme  winter  of  1898-9.  A 
record  of  this  injury  follows  in  the  notes  on  the  individual 
varieties. 

The.  gooseberry  plantation  consisted  of  six  varieties, 
one  of  wWch,  Industry,  is  now  extinct.  As  there  has  been 
such  a  great  difference  in  the  age  and  vigor  of  the  several 
varieties,  it  is  thought  best  for  the  present  not  to  append 
figures  giving  the  comparative  yields. 

Three  vai-ieties  new  to  the  plantation  were  added  last 
spring. 

The  gooseberry  crop  of  1900  was,  from  a  commercial 
standpoint,  almost  totally  destroyed  by  the  ravages  of  the 
fruit  worm,  known  to  science  as  Epochro.i  Canadensis,  The 
"worms"  are   the  larvai  of  a  two-winged  fly  which  deposits 
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its  eggs  underneath  the  skin  of  the  fruit  while  the  latter  is 
still  quite  immature.  Within  the  fruit,  where  they  are  quite 
safe  from  insecticides  of  all  kinds,  the  larvae  grow  to 
maturity.  The  fruit  becomes  worthless.  The  only  known 
remedy  is  to  destroy  the  fruit  while  it  still  contains  the  larvae. 
Following  are  the  varieties  tested: 

downing— Ribes  cynosbaii* 

Some  old  bushes  were  reset  in  1896  and  some  young  ones  in  1898.  The 
busies  are  upright  in  growth  >vith  stiff  stocky  branches,  spines  stout  and 
prominent,  berries  medium  to  larsre  witli  a  conic,  darlt. green  apex,  and  cov- 
ered with  a  heavy  glaucous  coat.  Yield  good.  The  variety  was  very  severely 
killed  back  by  the  cold  winter.  AH  the  hills,  eld  and  young,  are  looking 
.remarkably  vigorous  now. 

Houghton—^,  hirtellum. 

Of  this  variety  some  old  bushes  were  reset  in  1896,  to  wliicli  were  added 
new  biishes  from  the  nursery  the  same  year. 

The  variety  is  a  vigorous  grower  with  long,  slender,  spreading  bmnohes, 
spines  slender,  berries  small  to  medium,  silrface  glaucous,  obconic  form, 
deep  green  color,  very  sour,  yield  very  good— fully  a  week  later  than  the 
other  varieties  in  the  plat. 
'  The  old  canes  are  fairly  stocky  and  well  loaded  with  fruit  buds,  but  the 

variety  is  not  nearly  so  strong  and  vigorous  a  grower  as  is  Oregon  Champion. 
Very  little  injured  by  the  co'd  winter. 

Indnstry— ^.  grossulatia.  ^ 

Young  plants  of  thia  variety  were  set  in  1896,  to  which  were  added 
sopie  old  bushes  reset  the  same  spring.  The  variety  is  of  European  origin. 
The  "leaves  are  dark  green,  leathery,  with  O' lustrous  surface.  The  thorns 
are  short  and  stout  and  frequently  there  is  but  one  at  the  biise  of  each  leaf- 
stalk instead  of  the  usiial  cluster  of  two  or  three.  The  berries  are  large,  oval, 
veins  conspicuous,  with  a  considerable  number  of  bristles  on  the  surface. 
The  variety  entirely  succumbed  to  the  mild  winters  of  '96-7  and  '97  8. 

Oregon  Champion—^,  grossularia. 

New  plants  of  this  variety  were  set  in  1896.  The  variety  is  of  spread- 
ing habit  witli  rather  large,  stiff  and  stocky  branches.  Tlie  leaves  are  some- 
what more  glaucous  and  darker  green  than  are  the  leaves  of  other  varieties. 
The  berry  is  large,  oval,,  with  a  glaucous  surface.  The  variety  was  appar- 
ently very  little  injured  by  the  excessively  cold  winter  of  '99  and  bore  an 
excellent  crop  of  fruit  the  next  season.  It  is  a  most,  desirable  variety  on 
account  of  the  vigor  of  the  plants  and  the  yield  of  fruit. 

Pearl— i?.  grossulatia. 

Young  plants  of  this  variety  were  set  in  the  plat  in  1897.    They  made  a 

food  healthy  growth  during  that  and  the  following  season.    The  winter  of 
899  killed  the  canes  to  the  ground  and  they  were  cut  out.    The  growth  the 
past  two  seasons  consists  of  many  vigorous  and  well  branched  canes. 

Smith's  Improved— i?.  grossularia. 

Old  bushes  of  this  variety  were  reset  in  1896.  The  variety  is  fairly  vig- 
orous and  was  not  entirely  killed  back  by  the  winter  of  1899.  It  was  severely 
pruned  and  made  a  fair  growth  during  tlie  i)ast  two  seasons,  lierries  very 
large- largest  on  the  grounds- quality  good  to  excellent;  long,  oval  form. 
Tninsluee.it,  with  conspicuous  lighter-colored  veins.  ^<-^  t 
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CURRANTS-^^to. 

The  station  plantation  of  currants  consists  of  eighteen 
varieties,  fifteen  of  which  belong  to  the  species  rubrutn,  one  . 
Dubett  Tree  being  Ribes  aurtum  and  two  Ribes  nigrum.  The 
latter  with  four  varieties  of  rubrum  were  set  only  last  spring. 

The  red  sorts  are  for  the  most  part  very  similar,  it  be-  ;^ 

ing  quite  difficult  to  distinguish   between  them  either  by  ^ 

their  fruit  or  the  character  ofthe  plants.  Where  old  bunchy 
varieties  were  set  along  with  those  trained  to  more  of  a 
tree  form,  the  latter  invariably  produced  larger  fruit,  but 
not  so  large  a  yield.  The  more  abundant  the  fruit,  the 
smaller  the  berries.  The  crop  of  fruit  was,  commercially 
speaking,  a  complete  failure  the  past  season  owing  to  the 
ravages  of  the  insect  mentioned  in  connection  with  goose- 
berries. Much  of  the  fruit  fell  before  time  for  picking.  Of 
that  which  remained  on  the  bushes  till  the  sound  fruit  was 
mature,  from  25  to  60  per  cent  was  stung  and  contained  the 
larvae  of  the  fly.  No  such  extensive  damage  appears  on  our 
previous  records.  Some  plantations  in  this  vicinity  were 
comparatively  uninjured. 

The  varieties  of  currants  tested  on  the  station  grounds 
follow  in  alphabetical  order: 

Albert  Prlnee. 

This  variety  is  but  slightly  represented  in  the  Station  plat.  It  is  con- 
siderably lacking  in  vigor  and  has  been  kept  closely  pruned  for  pi*opagation 
purposes.    The  berries  are  of  good  size,  white,  and  sweet. 

Cherry- 

•Both  old  and  young  plants  were  ih eluded  in  the  1896  plat,  to  which 
were  added  young  plants  in  1898.  This  red  variety  produced  the  largest 
berries  of  any  variety  on  the  grounds  in  1896,  and  a  good  yield  withal.  Some 
of  the  berries  measured  9-16  inches  in  diameter.  The  stems  or  branches  are 
a  little  stronger  than  Fay,  but  not  nearly  so  strons:  as  Red  Dutch  or 
Victoria. 

Dabett  Tree— Ribes  aurtum,  « 

One  plant  of  this  variety  was  set  in  the  plat  in  1897.  It  has  made  a  vig- 
orous growth,  quite  upright  in  character.  Although  the  wood  appears  to 
ripen  well,  yet  the  leaves  near  the  tips  remain  quite  fresh  and  green  till  mid-  ^ 

winter  or  iater  The  variety  is  being  propagated  by  cuttings  and  the  num- 
ber of  plants  will  be  increased  in  the  near  future. 

So  far  the  fruit  produced  has  been  quite  insignificant. 

Fay. 

Both  old  and  young  plants  of  this  variety  were  set  in  1896.  The  variety* 
is  not  nearly  so  strong  and  vigorous  as  either  Victoria  or  Ked  Dutch.  It 
produces  a  great  many  new  canes  of  spreading  and  unkempt  habit.  The 
injury  from  the  winter  of  *99  was  considerable.  Berries  red,  medium  to 
large      Yield  fair  to  good. 

The  variety  requires  extra  care  to  "ustify  the  recommendatlami^o^reT 
quently  given  it.  Qi^i^^^  by  ^^UU^li^ 
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Hollaid— Long  Bunch. 

This  old  sort  was  not  introduced  to  our  plantation  til!  1897.  and  then 
by  very  few  plants,  which  have  since  been  very  closely  pruned  for  propaga- 
tion purposes.  The  plants  are  fairly  vigorous,  berries  of  good  size,  white, 
and  sweet. 

North  Star. 

A  few  old  plants  were  su'  in  1896,  foKdwed  by  young  plants  in  1897  and 
in  1898.  This  variety  was  somewhat  injured  by  the  winter  of '99.  It  is 
strong  and  stocky,  but  not  nearly  so  much  so  as  is  Raby  Caslle  or  Victoria. 
It  m  much  like  Red  Dutch  in  size  and  bearing  propensities  but  is  later  in 
ripening. 

Pomona. 

But  a  few  plants  of  this  variety  were  set  in  the  Station  plat  in  1897  and 
those  have  been  closely  pruned  for  propagation  purposes. 

The  variety  seems  to  be  below  the  standard  for  vigor  and  was  very 
severely  killed  back  by  the  cold  winter.    It  is  a  red  variety. 

Raby  Castle. 

Old  plants  of  this  variety  were  set  in  the  Station  plat  in  1896  and  yo  ng 
p'ants  in  189S.  It  is  considered  by  Prof.  Card  in  his  handbook  on  **Bush 
Fruits"  of  *'Tho  Rural  Science  Series"  to  be  identical  with  Victoria.  On  our 
ground  the  two  have  every  appearance  of  being  one  and  the  same  variety. 

Red  Dateh. 

Both  old  and  young  plants  of  this  variety  were  set  in  1896.  It  is  an  old 
standard  sort  and  one  of  the  best  as  to  bearing  propensities,  but  the  fruits 
are  smaller  than  are  the  fruits  of  the  more  recently  introduced  varieties. 
While  this  variety  endures  neglect  well,  yet  witli  good  culture  and  pruning 
the  berries  are  medium  to  large  in  size.  It  is  much  like  Victoria,  but  taller 
and  more  slender,  producing  new  shoots  in  abundance.  It  was  apparently 
uninjured  by  the  recent  cold  winter. 

Versalllalse. 

Both  old  and  young  plants  of  this  variety  were  set  in  1896.  It  is 
nearly  as  vigorous  a  grower  as  Red  Dutch,  but  there  arc  many  more  shoots 
which  are  quite  unkempt  in  habitr—much  like  Fay  in  this  respect,  but  not  so 
exaggerated.  Injury  by  winter  of  *99  very  Blight.  Berries  are  largt*,  spher- 
ical, red,  rather  more  acid  than  our  other  varieties. 

Victoria. 

This  is  the  champion  variety  of  the  plantation.  Set  in  1896.  Although 
]>roducing  no  more  fruit  tlian  some  of  the  other  sorts,  it  is  very  strong,  vig- 
orous, upright  In  character  and  its  freedom  from  the  production  of  many 
shoots  render  it  a  very  desirable  variety.  The  fruits  are  of  medium  size,  red, 
mildly  acid— remaining  for  a  long  time  on  the  bushes. 

White  Grape. 

This  excellent  white  varietv  was  reset  and  jiew  ])lants  added  in  1896. 
The  bushes  are  a  little  shorter  and  more  stocky  than  Versalllaibe  with  not 
quite  so  many  shoots.  Stems  are  somewhat  inclined  to  be  prostrate.  Appar- 
ently uninjured  by  tlie  cold  winters.  Berries  arc  large,  of  a  translucent 
yellowish  white  color,  growing  in  long  bunches,  but  sweeter  than  most  red 
sorts— a  good  bearer. 

Probably  the  best  white  currant  on  the  market  at  the  present  time. 

RASPBERRIES-Jekites. 

Partial  reports  upon  twenty-three  varieties  of  raspber- 
ries follow.    It  is  to  be  regretted  that  the  record  of  fruiting 
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is  not  more  complete;  but,  as  stated  under  the  general  head 
**Bush  Fruits/' this  lack  of  data  is  principally  due  to  the 
unusual  climatic  conditions  of  1898  and  1899.  Following  an 
extremely  wet  April,  the  season  of  1900  was  unusually  hot 
and  dry.  .  * 

While  authorities  differ  greatly  concerning  the  proper 
position  or  location  of  our  various  cultivated  varieties  of 
raspberries  and  blackberries  within  the  genus  Rubus,  yet 
probably  the  great  majority  accept  the  classification  given 
by  the  American  Pomological  Society.  According  to  this, 
raspberries  are  divided  into  four  species,  the  European  red 
varieties  being  Rubus  idcsus,  the  American  reds  R,  strigosus, 
the  black-caps  R.  occidenialis,  and  the  purple  canes  which 
are  considered  to  be  hybrid  between  R,strigosuszxi^  R.occi- 
dentalis  with  all  degrees  of  tendency  toward  either  parent, 
are  classified  as  R.  neglectus.  The  purple  canes,  as  a  class, 
are  propagated  by  the  tips,  and  very  little,  if  any,  by  suckers. 

Brandywine— i?.  strigosMs, 

This  old  red  variety  was  not  introduced  to  the  Station  grounds  till  1898, 
consequently  there  are  no  adequate  notes  upon  the  fruit.  The  plant  is  stocky 
with  large  reddish  colored  canes  which  sucker  freely. 

Carman—^,  occidenialis, 

Tliis  excellent  black-cap  variety  was  set  in  the  present  plat  in  1896.  It 
is  an  extra  early  variety.  Plants  not  large,  but  sufficiently  robust.  Berries 
medium  size,  mild  flavor,  juicy— in  full  bearing  the  latter  half  of  July. 

First  ripe,.  July  3;  last  picking,  August  2;  full  pickings,  July  12-19. 

Colombian—^,  neglectus. 

This  is  considered  to  be  one  of  the  leading  varieties  ot  the  purple  canes, 
being  very  much  like  tJie  Hhaffer  in  appearance— a  very  strong  and  vigorous 
grower.  It  is  said  to  be  a  very  proliftc  bearer,  the  fruit  being  a  little  later 
and  larger  ihan  Hhaffer. 

Cothbert— i?.  sirigosus. 

This  old  standby  of  the  American  red  type  has  not  yet  been  excelled 
on  our  grounds,  although  growing  alongside  the  Marlboro.  The  plants  in 
a  part  of  one  row  of  Cuthbert  were  carefully  removed  and  Marlboro  net  in- 
stead, but  the  latter  have  been  nearly  exterminated  by  Cuthbert  plants  com- 
ing from  old  underground  canes.  Cuthbert  leaves  are  narrower  than  are 
those  of  Turner,  the  latter  being  especially  broad  and  showing  much  niore 
color  upon  the  upper  surface  while  young  than  do  Cuthbert  leaves.  Cuth- 
bert canes  have  a  considerable  numl)cr  of  small  prickles.  Berrits  are  large, 
dark  crimson,  broad,  conic,  grains  small  and  compact.  The  flesh  is  good 
quality.  Hrm,  st^mding  up  well  when  picked  in  quart  boxes.  First  picking, 
July  10;  last,  August  2.S;  full  picking,  July  19  to  August  5. 

Golden  Qoeen— ^.  strigosus. 

This  is  considered  to  be  simply  a  sport  of  Cuthbert,  differing  from  it 
principally  in  the  yellow  color  of  its  fruit. 

GreiUE— /?.  occidenialis. 

This  has  long  been  the  standard  black-cap.    Although  perhaj^  a  little 
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slower  in  attaining  to  full  development  than  some  other  varieties,  the  plants 
are  very  large  and  viajorous,  giving  an  ex(;ellent  yield.  The  leaflets  are 
especially  broiid.  Berries  are  large,  roundish,  ohlate  with  a  decided  gray 
bloom;  firm,  juicy  and  of  very  good  flavor.  The  variety  is  late  in  ripening, 
giving  the  flrst  picking  at  the  Station  about  .July  21. 

Hansel!-^,  sirigosus. 

This,  at  one  time  popular  American  red  variety,  was  not  introduced  to 
the  Station  grounds  till  1898,  consequently  there  U  scant  data  as  to  its  fruit- 
ing qualities. 

Hllborn— ^.  occidental's. 

This  black-cap  is  quite  popular  in  Ohio  and  Ontario,  but  with  us  it  hits 
not  done  well  as  yet,  although  the  fruit  is  near  medium  size  and  quite  sweet 
and  juicy.    First  ripe,  July  21;  last,  August  2. 

Kansas—/?,  occtdentaiis. 

This  variety  seems  to  be  the  closest  rival  to  the  Gregg  upon  our 
grounds,  although  in  time  of  ripening  It  more  nearly  coincides  with  the  Oar- 
man.  The  plants  are  of  rapid,  vigorous  growth,  berries  similar  to  Gregg, 
fully  as  large,  ripening  a  we.ek  earlier;  Juicy,  excellent  flavor,  quite  Arm; 
yield  good. 

First  picking,  July  10;  last,  August  2;  heaviest,  July  19. 

Loodon— i?.  sirigosus. 

This  popular  Wisconsin  berry  was  originated  at  Janesville,  beluga 
cross  between  Turner  and  Cuthbert.    It  has  not  yet  fruited  on  (»ur  grounds. 

Marlboro  ~R.  sirigosus. 

It  is  probable  that  this  extremely  popular  red  variety  contains  an 
admixture  of  European  or  Idieus  **bIood.'*  By  some  authorities  It  is  classi- 
fled  as  a  hybrid  between  the  two  species. 

This  variety  has  done  rather  better  in  neighboring  grounds  than  on 
the  Htation  plat.  It  is  a  vigorous  and  productive  early  market  variety  and  a 
thoroughly  good  all-purpose  berry. 

Nills-^.  occidenialis. 

This  black' cap  variety  was  set  in  the  Station  plat  in  1898  and  has  not 
yet  been  fruited.  The  variety  is  thought  to  be  a  cross  between  Gregg  and 
Tyler. 

Miller— i?.  sirigosus. 

Set  in  Station  plat  in  1898;  not  yet  fruited  The  variety  is  of  the 
Brandy  wine  type,  but  said  to  be  considerably  earlier. 

Nohler— i?.  occidenialis. 

This  promising  black-cap  variety  was  set  in  the  Station  plat  in  1898 
and  has  not  yet  fruited.  It  is  claimed  t>o  be  a  seedling  of  the  Eureka, 
although  considered  by  Prof.  Green,  of  the  Ohio  Experiment  Station,  to  be 
practically,  if  not  actually,  identical  with  that  variety.  It  is  certainly 
deserving  of  trial. 

Ohio— ^.  occidenialis. 

•  Introduced  to  Station  grounds  in  1898;  not  yet  fruited.  An  established 
early  variety  in  many  sections.  Much  used  for  drying  and  for  shipping  fresh. 

Palmer— i?.  occidenialis. 

Introduced  to  Station  grounds  in  1898;  not  yet  fruited.  This  variety 
originated  in  Ohio  and  has  been  reported  favorably  from  many  sections  in 
the  West,  and  seems  to  be  well  worthy  of  trial  here. 
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Pennoek— ^.  occideHtaiis. 

A  black-cap  of  medium  slender  habit  originated  by  Mr.  Chas.  E.  Pen- 
nock,  of  Bellvue,  Colo.  The  plant  is  a  good,  healthy  grower,  but  has  not 
yet  fruited  on  our  grounds. 

Royal  Charch— ^.  strigosus. 

While  classified  as  an  American  red,  it  is  quite  possible  that  this 
variety  is  a  hybrid  and  should  be  placed  with  the  Subiis  neglectus  group. 

It  is  a  very  large  and  vigorous  variety  with  purple  canes,  although 
producing  suckers  quite  freely.  Berries  are  very  large,  dark  crimson,  excel- 
lent quality,  medium  firm,  stand  up  well  in  quart  boxes,  but  are  inclined  to 
crumble.  It  produced  the  heaviest  yield  of  any  variety  on  our  t^round 
in  1S97. 

First  picking,  July  21;  heaviest,  July  31;  last,  August  2S. 

Shaffer—/?,  negledm. 

This  is  an  extremely  vigorous  variety  of  the  purple  cane  group,  of  which 
it  is  thertype.  While  propagating  by  root  tips,  the  bushes  and  also  the  ber- 
ries resemble  tlie  red  raspberries  more  than  tney  do  the  black,  although  the 
berries  grow  in  clusters  much  like  the  black-caps.  The  berry  is  large,  dark 
red  or  purple,  moderately  firm,  nearly  as  good  quality  as  the  reds  and 
richer.  It  is  an  excellent  variety,  but  is  used  more  for  drying  and  for  can- 
ning than  for  usin^  in  a  fresh  state. 

This  variety  is  difficult  to  lay  down  unless  it  is  trained  to  the  operaticm 
from  the  firet  year. 

Strawberry-Raspberry,  or  Rose-Leafed  Raspberry—^,  rouefoUus. 

This  variety  is  merely  a  horticultuml  novelty  in  this  country.  The 
species  is  found  growing  wild  in  Japan  and  Eastern  Asia.  It  is  of  no  value 
except  as  an  ornamental  plant  and  has  not  endured  on  our  grounds  even 
with  winter  protection.    The  sunimer  heat  seemed  too  intense  for  it. 

Thompson—/?,  strigosus. 

One  of  the  American  reds.  Introduced  to  Station  grounds  in  1898. 
Not  yet  fruited. 

Torner— ^.  sMgosus. 

This  is  a  very  vigorous,  almost  thorn  less  variety,  which  was  very  popu- 
lar for  many  years.  The  principal  objection  is  that  the  berries  are  rather 
soft.  Berries  large,  dark  reo,  medium  to  large,  of  good  quality  and  yield. 
The  yield  is  very  steady  for  the  first  three  weeks,  the  picking  season  witli  us 
being  July  10  to  August  11. 

An  excellent  variety  for  home  use. 

Japanese  Wineberry    /?.  phtenicolasius. 

8et  in  the  Station  plat  in  1898;  failed  to  fruit;  died  1899.  It  is  doing 
fairly  well  on  some  grounds  in  this  section,  but  is  of  no  commercial  value. 
It  is  a  vigorous,  semi-trailing  bush  of  handsome  appearance,  but  so  far  as 
fruit  is  concerned  will  be  of  interest  only  to  those  who  are  interested  in  hor- 
ticultural novelties.  The  species  is  found  growing  wild  in  Central  and 
Northern  Japan  and  has  long  been  grown  in  this  country  as  an  ornamental. 
It  was  not  L)oomvd  as  a  fruit  plant  till  1889-90 

BLACKBERRIES    AND    DEWBERRIES -^i^^ms. 

But  four  types  of  blackberries  enter  into  consideration 
in  this  section,  viz:  i,  the  Long  Cluster;  2,  the  Short  Clus- 
ter; 3,  the  Loose  Cluster,  which  are  thought  to  be  hybrids 
between  the  first  two  and  the  common  Dewberries  of  the 
Eastern   states;    4,    Northern    Dewberries.     The    tendency 
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among  the  best  growers  of  this  section  at  the  present  time 
seems  to  be  toward  the  3rd  class,  which  are  more  slender 
and  flexible  than  the  high  bush  varieties,  but  which,  never- 
theless, with  proper  pruning,  hold  their  fruit  well  off  the 
ground.  All  of  this  class  that  have  been  grown  on  our 
grounds  seem  to  propagate  quite  freely  by  suckers  and  not 
by  root-tips  as  is  characteristic  of  Dewberries, 

The  common  high  bush  berries  are  classified  botani- 
cally  as  Rubus  villosus,  and  Dewberries  as  Rubus  canadensis. 
Most  of  the  slender-caned  loose-cluster  varieties  being 
evidently  hybrids,  are  classified  as  Rtibus  villosus  x  canadensis} 

Our  old  plantation  was  located  on  a  hot  and  dry  south- 
west slope,  a  very  improper  location,  especially  in  connec- 
tion with  the  fact  that  our  supply  of  water  usually  fails 
about  the  time  it  is  needed  for  the  maturity  of  the  fruit. 
As  a  result  of  these  conditions  the  old  plantation  has  been 
practically  uprooted  and  a  new  one  in  a  different  location 
established.  Many  varieties  new  to  the  grounds,  as  well  as 
all  of  the  old  ones,  were  set  in  this  new  plat,  the  rows  of 
blackberries  alternating  with  rows  of  black  raspberries. 

Agawam-^.  viHasus. 

This  varietv  is  a  representative  of  the  short  clustered  group.  It  was  in- 
troduced to  tlie  Station  grounds  in  1896,  but  lias  not  yet  borne  fruit  of  conse- 
quence. We  had  an  excellent  stand  of  good  thrifty  plants.  The  variety  is 
very  popular  in  many  sections;  early  in  season  and  fruit  of  excellent  quality. 

Aneient  Briton— i?.  nifiosHs. 

This  variety  is  of  the  long  cluster  type.  It  was  imported  from  England 
Into  V^isconsin  somewhat  over  forty  years  ago,  where  it  received  its  name 
and  afterwards  became  very  popular,  it  was  Introduced  to  our  grounds  in 
1896f  where  it  has  obtained  a  good  foothold,  but  has  not  yet  fruited  to  any 
extent. 

Dallas—^.  viUasus  x  canadensis  (?). 

This  blackberry  closely  resembles  the  dewberries  and  is  probably 
either  the  native  Texan  dewberry  or  a  hybrid  cl(»8ely  resembling  tlie  dewber- 
ries. The  vines  are  much  more  upright  than  are  those  of  the  Lucretia  or  the 
Mayes  Dewberry.  The  variety  ha*<  made  a  good  growth  on  o^ir  grounds,  but 
has  not  yet  fruited  to  any  extent. 

Eldorado—^,  vtilosus. 

This  variety  of  the  long  cluster  type  originated   in  Ohio  some  time 

{>nor  to   1882.    The  plants  have  made  a  good  growth  on  our  grounds,  but 
lave  not  yet  fruited. 

Erle-^.  vUlasus. 

This  is  a  variety  of  the  short  cluster  type  originating  in  Ohio  In  1876. 
The  plants  are  thrifty,  lighter  green  In  color  than  our  other  varieties,  pro- 
dulng  a  fair  yield  of  fruit.  Ripens  mid-season,  fruit  large,  short-oval,  g(M>d 
quality. 

Nayes— ^.  canadensis. 

Although  originating  in  Texas,  this  dewberry  is  of  the  Northern  type. 
It  has  also  been  sent  out  under  the  name  of  Austin's  Improved  and  reached 
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our  grounds  under  that  name,  but  thrae  plants  failed  to  become  established, 
'i'he  variety  propapitva  by  tips  and  by  root  cuttingH.  With  us  tlie  plants  are 
quite  strong  and  vigorous  and  appear  promising.  They  have  not  yet  fruited, 
probably  because  of  inclement  seasons 

Ohmer— /?.  viUosus, 

A  variety  of  the  long  cluster  type  originated  l)V  Mr.  Nick  Ohmer  of 
Ohio  Our  plants  are  vigorous  and  produced  a  g(M)d  yield  in  1897.  It  is  mid- 
season  to  late;  berries  large  and  of  good  quality. 

Rathborn— i?.  vtilasus  x  canadensis. 

This  belongs  to  the  loose  cluster  group  and  is  supposed  to  be  a  liybrid, 
though  it  is  quite  upright  in  habit  and  is  propagated  by  suckers.  The  plants 
introduced  to  our  grounds  in  1898  have  not  done  well  and  have  not  yet 
fruited.  Mr.  Pennock,  a  local  nurseryman  and  fmitgrower  considers  this 
variety  by  far  the  best  of  any  of  the  many  he  has  tested  on  his  gn>unds. 

Snyder--^.  viUosus, 

This  old  and  best  known  variety  is  of  the  short  cluster  type.  It  makes 
a  large  vigorous  growth  with  us  but  has  not  yet  fruited. 

Stone  Hardy—/?,  villosus. 

This  is  a  variety  of  the  sliort  cluster  type  originating  in  Illinois.  The 
most  enclmnting  sight  that  the  writer  ever  saw  in  tlie  blackberry  line  was 
this  variety  growing  at  Madison,  Wisconsin,  so  marvelously  loaded  witli 
fruit  that  the  large  and  luscious  berries  could  be  literally  gatliered  by  the 
handful.  How  it  may  succeed  here  with  sufficient  water  for  irrigation  is 
yet  uncertain,  although  the  plants  have  done  well. 

Wilson  Early— ^.  viUasus  x  canadensis. 

This  variety  of  the  loose  cluster  type  and  of  hybrid  origin  was  discov- 
ered in  New  jersey  in  1854.  It  is  propagated  botli  by  root-tips  and  by 
suckers.  It  is  a  popular  variety  in  New  Jersey,  demanding  close  pruning  to 
prevent  over-bearing.  With  us  the  plants  have  done  well,  giving  us  the 
best  yield  of  any  variety  in  1897  and  being  about  tlie  only  one  to  bear  per- 
fect fruit  the  past  season. 

Wilson  Jr.—R,  viUosus  x  canadensis. 

This  variety,  originated  by  Wra.  Parry  in  1875,  is  said  for  all  practical 
purposes  to  be  identical  with  its  parent,  Wilson  Early.  On  our  grounds 
thev  appear  to  be  quite  similar,  but  the  **Jr."  does  not  equal  the  "Early''  in 
endurance  of  heat  and  drought. 
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Bromus  Inermis. 


F.  L.  WATROUS. 


Referring  to  this  grass,  Press  Bulletin  No.  47,  Kansas  Agri- 
cultural Experiment  Station,  makes  the  following  statements: 
"Awnless  brome  grass  or  Hungarian  brome  grass  {Bromvs  inerrms) 
is  a  native  of  the  dry,  sandy  regions  of  Europe  and  Western  Asia. 
It  is  a  perennial,  about  the  size  and  somewhat  the  general  appear- 
ance of  Meadow  fescue  or  English  blue  grass.  It  spreads  by 
creeping  underground  stems  or  rootstocks.  It  has  been  tested  by 
many  of  the  experiment  stations,  from  Canada  and  North  Carolina 
to  Mississippi  and  California.  All  recommended  it  highly  for  dry, 
sterile,  light  or  sandy  soil." 

So  far  as  known  Bromus  inermis  was  first  grown  in  Colorado 
at  the  Arkansas  Valley  Substation  in  the  year  1892.  Out  of  many 
diflferent  varieties,  it  alone  gave  sufficient  promise  to  encourage  a 
second  trial.  In  1894  the  home  Station  at  Fort  Collins  began 
investigations  as  to  its  value,  since  which  time  several  sowings  have 
been  made  in  a  variety  of  soils  and  under  widely  dissimilar  condi- 
tions. The  grass  has  been  grown  on  heavy  clay  with  scant  irriga- 
tion, on  the  same  soil  with  an  ample  supply  of  water,  on  light  soil, 
above  irrigation  and  on  heavy  soil,  approaching  *'gumbo,"  with  and 
without  artificial  watering.  Under  all  these  conditions  the  grass 
has  succeeded  to  the  extent  that  a  thick,  heavy  sod  has  been 
formed,  producing  an  abundance  of  forage  of  rather  coarse  quality, 
but  readily  eaten  by  horses,  sheep  and  cattle.  It  has  never 
produced  hay  in  sufficient  amount  to  be  considered  valuable  for 
that  purpose,  but  sown  with  alfalfa  it  promises  to  be  of  value  for 
horses.  In  quality  it  is  believed  to  be  equal  to  orchard  grass,  or 
possibly  as  good  as  timothy.  It  is,  of  course,  inferior  to  Colorado 
blue  stem  or  buffalo  grass,  but  where  successful  it  will  make  up  in 
quantity  what  it  lacks  in  quality  in  comparison  with  these  two 
grasses. 

Brome  grass  produces  a  very  heavy  sod,  which  it  is  extremely 
difficult  to  plow  when  well  set.  The  ground,  to  a  depth  of  six  or 
eight  inches,  will  be  completely  filled  with  a  mass  of  matted,  fine 
roots,  so  that  the  sod  will  be  turned  over  in  solid  slices,  and 
remaining  of  so  tough  a  texture  that  an  excessive  amdunt  of 
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preparatory  cultivation  is  required  in  order  to  get  in  suitable  con- 
dition to  receive  any  other  crop.  The  disk  harrow  is  the  only 
implement  known  which  will  finally  subdue  this  sod.  As  to  the 
effect  on  soil  fertility,  nothing  definite  is  known,  although  a  fair 
crop  of  flax  was  grown  upon  a  plot  of  this  sod  ground  the  past 
season. 

In  Colorado  Bromu8  inemds  is  specifically  a  pasture  grass,  and 
it  may  be  truly  said  it  is  the  only  tame  grass  yet  discovered  which 
can,  with  any  degree  of  success,  take  the  place  of  the  departing 
pasture  grasses  of  the  plains.  The  closest  pasturing  and  severe 
tramping  have  had  no  effect  in  destroying  the  sod.  After  having 
been  gnawed  tight  to  the  ground  by  sheep,  it  shows  growth  within 
a  week  after  stock  is  removed,  even  in  late  fall  when  nights  are 
frosty.  In  the  spring  brome  grass  affords  pasture  from  two  to  three 
weeks  earlier  than  any  other  grass  known  to  this  locality. 

Many  complaints  are  heard  from  various  localities  respecting 
the  worthlessnees  of  seed,  all  of  which,  thus  far,  has  been  imported 
from  Europe.  The  Kansas  Experiment  Station  reports  that  about 
flinety  per  cent,  of  this  seed  fails  to  grow.  Experience  at  this 
StMion  last  season  seemed  to  verify  this  statement,  though  it  is  too 
etoAf  as  yet  to  speak  with  precision  in  the  matter,  from  the  fact 
that  brome  grass  comes  up  very  much  thicker  the  spring  after 
dowing  than  would  have  been  expected  from  its  appearance  in  the 
fall.  Whether  this  is  due  to  some  of  the  seed  lying  dormant,  or  to 
an  extension  of  the  root  system  at  some  time  between  fall  and 
spring,  has  not  been  ascertained.  The  fact  has  been  noted  else- 
where, and  thoroughly  proven  here,  that  it  is  beet  not  to  be 
discouraged  over  a  seeming  light  stand  the  first  season,  but  wait  until 
the  grass  has  a  chance  to  show  up  the  following  spring  before  plow- 
ing it  up  or  adopting  any  radical  measures. 

For  spring  sowing,  brome  grass  should  be  sown  early  in  this 
country  if  it  is  to  be  grown  without  irrigation.  With  irrigatioti  it 
may  be  handled  successfully  by  sowing  at  any  time  during  the 
growing  season.  It  requires  a  clean,  well  pulverized  seed  bed,  such 
as  wheat  would  thrive  in,  and  should  be  covered  from  one  to  two 
inches  in  depth.  Owing  to  the  light,  chaffy  nature  of  the  seed,  we 
have  been  unable  as  yet  to  sow  it  evenly  in  an  ordinary  drill, 
though  this  would  be  the  ideal  way.  It  has  been  sown  broadcast 
by  hand  and  harrowed  in.  The  condition  of  the  soil  is  of  more 
importance  than  the  manner  of  sowing. 

It  would  not  be  safe  to  recommend  this  grass  for  indiscrimi- 
nate sowing.  Farmers  having  portions  of  land  above  irrigation,  or 
desiring  permanent  pasture  on  almost  any  kind  of  land  that  is  not 
positively  wet  or  boggy,  would  be  justified  in  trying  an  acre  or  two. 
^ow  fifteen  to  twenty  Pomids  j^v  b)^.    If  suoomrful^  it  {hrodu^M  a 
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good  quantity  of  seed  the  second  year,  after  which  the  sowing  may 
be  extended  with  small  expense.    . 

The  grass  has  done  well  and  is  very  useful  here.    There  seems 
no  reason  why  it  should  not  do  well  elsewhere. 

TESTS   ON   THE    GROUNDS   OF  THE   AGRICULTURAL    COLLEGE. 

On  May  17th,  1894,  two  plate  of  land  comprisiD^  one  and  a  fourth  acres  were 
sown  at  the  rate  of  16  pounds  to  the  acre.  Tnis  soil  was  a  sandy,  clay  loam  of 
such  a  composition  as  to  have  been,  in  its  natural  state,  practically  sterile.  Ow- 
ing to  its  location  beins  such  as  to  render  it  very  difficult  to  irrigate,  it  had  tman 
allowed  to  remain  un tilled.  The  land  was  broken  up  and  gotten  in  as  good  con- 
dition as  possible  by  aid  of  disk  harrow  and  roller  and  the  seed  covered  in  fairlv 
good  shape.  It  was  irrigated  once  the  first  season  and  made  a  very  poor  stand, 
thickening  a  little  the  following  spring,  and  finally  at  the  end  of  four  seasons, 
made  a  complete  stand,  since  then  producing  an  abundance  of  foliage  or  pasture, 
but  was  never  allowed  to  head  until  the  past  season,  when  it  produced  fifteen 
bushels  of  seed. 

Another  acre  was  sown  on  May  25th,  1896,  on  heavy  clay  soil  and  was  treated 
as  to  irrigation  in  exactly  the  same  manner  as  contiguous  plats  of  alfalfa.  This 
plat  made  an  excellent  stand  from  the  first  and  made  and  produced  a  crop  of 
seed  the  second  season. 

April  9th,  1897,  a  pasture  mixture,  composed  of  barley,  rye,  oats,  sandwicke 
and  brome  grass  was  sown  on  a  small  plat  of  ground  for  sheep  pasture.  When 
sheep  were  removed,  bromus  was  the  only  crop  to  recover.  Adjoining  this  plat, 
che  following  spring  Bromus  inermis  was  sown  on  about  one  acre  of  ground.  It 
was  endeavorea  to  sow  the  seed  with  an  ordinary  grain  drill.  Various  substan- 
ces, as  bran  and  dry  soil,  were  mixed  with  the  brome  grass  seed  to  give  it  sufficient 
weight  to  feed  through  the  drill.  It  was  found  to  be  impracticable  and  the  drill 
was  discarded.  After  sowing,  furrows  were  made  about  this  plat  so  that  one- 
fourth  of  the  plat  would  not  be  watered  when  the  rest  was  irrigated.  The  stand 
on  this  part  was  never  quite  so  good  aa  on  the  balance  of  the  plat,  though  it  was 
so  good  that  a  casual  observer  would  not  notice  the  difference.  This  lot  has  been 
pastured  for  three  years  with  sheep.  As  there  was  always  more  sheep  than  the 
pasture  would  support,  the  grass  was  eaten  close  to  the  ground  several  times  each 
year,  i.  e.,  when  it  was  eaten  so  close  that  there  seemed  to  be  nothing ^left,  the 
sheep  were  removed  and  when  water  was  to  be  had  it  was  turned  on  this  pasture 
plat.  In  every  instance  the  grass  came  up  quickly  and  when  a  few  inches  high 
sheep  were  turned  on  again. 

This  same  season  another  acre  plat  was  sown  for  pasture.  This*soil  was  very 
heavy  oiav,  probably  as  near  an  approach  to  regular  **gumbo"  as  could  be  readily 
found  in  this  vicinity.  An  excessive  amount  of  work  was  necessary  in  order  to 
get  this  land  in  shape  for  seeding.  This  however  was  accomplished  and  an  ex- 
cellent stand  was  the  result.    It  was  irrigated  the  first  two  seasons. 

The  first  season  after  sowing,  the  grass  having  a  good  start  in  May,  six  ewes 
and  their  half  ^rown  lambs  were  turned  on  for  pasture.  It  supported  this  num- 
ber for  about  six  weeks,  when  the  grass  being  eaten  down  very  close,  the  sheep 
were  kept  off  and  fed  for  a  couple  of  weeks,  in  which  time  t^e  grass  recuperated 
and  the  sheep  were  turned  on  again.  This  plan  was  repeated  twice  more  during 
the  season,  «nd  in  October  the  ^ound  seemed  as  bare  and  nearly  as  hard  as  an 
ordinary  road  bed.  The  following  spring,  however,  the  brome  grass  made  its  ap- 
pearance in  March  and  with  the  same  treatment  each  year  is  still  thriving  and 
furnishing  as  much  pasture,  to  all  appearance,  as  at  firsL 

May  first,  1899,  two  acres  adjoining  the  above  plat  were  sown.  The  ground 
had  been  covered  during  the  winter  with  a  very  thick  coat  of  coarse  manure,  so 
thick  was  it  in  fact  that  owing  to  the  gumbo  quality  of  the  land  and  its  persistent 
sticking  to  the  plow,  only  about  half  the  manure  was  covered  up.  the  rest  sticking 
out  and  producing  a  very  unfavorable  condition  of  seed  bed.  The  seed  was  sown 
however,  and  covered  as  well  as  might  be.  This  land  became  very  dry  and  it 
was  not  thought  possible  that  any  of  the  seed  could  germinate.  After  all  the 
other  crops  on  the  farm  had  been  irrigated  there  came  an  opportunity  to  run  the 
water  on  this  piece,  which  was  done.  At  the  end  of  that  season  a  few  spears  of 
brome  grass  were  visible,  but  they  were  so  few  that  it  was  thought  the  plat  waa 
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an  entire  failure.  Upon  examination  early  in  the  following  April  however,  so 
much  improvement  was  noted  that  it  was  thouffht  beet  to  let  the  land  alone,  at 
least  for  one  season,  and  note  the  result.  By  June  first  there  was  almost  a  com- 
plete stand  of  grass,  so  that  sheep  were  pastured  there  the  balance  of  the  season 
till  October,  when  the  sheep  being  removed,  the  grass  started  up  again  duiln^ 
the  warm  days  and  frosty  nights  of  October  and  November,  showing  a  thicker 
stand  than  could  be  seen  in  the  middle  of  summer. 

Late  in  May  of  1900,  about  14  acres  of  raw,  unproductive  land  was  sown  to 
brome  grass  at  the  rate  of  about  15  pounds  to  the  acre.  Considering  the  quality 
of  the  land,  the  lateness  of  the  season,  and  the  pressure  of  other  work,  this  under- 
taking was  very  ill  advised,  and  would  seem  to  have  promised  nothing  but  failure 
from  the  first.  However  about  half  a  stand  was  secured  over  a  good  portion  of 
the  land,  and  the  coming  spring  will  show  what  may  be  expected  of  this  grass 
under  the  very  worst  conditions. 

In  the  spring  of  1898  an  experiment  was  tried  on  a  neighboring  farm,  of  sow- 
ing bromus  on  a  high  knoll,  above  reach  of  irrigation.  This  soil  was  a  good 
quality  of  sandy  loam,  and  having  never  been  irrigated  is  better  calculated  to  re- 
<Seive  and  hold  falling  moisture  than  would  soil  which  had  been  irrigated.  A 
fairly  good  stand  was  secured  here  and  it  has  gradually  thickened  since,  produ- 
cing good  pasture,  and  has  been  particularly  noticed  each  spring  as  proaucing 
green  pasturage  at  least  two  weeks  before  alfalfa  or  any  other  grass. 

April  9th,  1898,  in  a  small  field  thickly  sown  with  alfalfa,  a  strip  8  feet  wide 
the  length  of  the  field  was  sown  with  Bromus  inermis  seed.  Under  ordinary 
treatment  for  alfalfa,  this  strip  grew  well,  was  cut  three  times  each  year  and  is 
still  engaged  in  a  struggle  for  supremecy  with  the  king  of  the  Colorado  field.  As 
both  were  thickly  sown,  neither  crop  is  at  its  best,  which  would  indicate  that 
thinner  sowing  would  be  advisable  where  both  are  sown  together. 


Trials  at  the  Arkansas  Valley  Substation. 


H.  H.  QRIFFIN,  Superintendent. 

April  22,  1892,  a  plat  145  feet  long,  67  feet  wide,  was  sown  to 
seed  of  Br(ymuB  inermis.  An  excellent  stand  was  secured,  and  the 
records  report  it  growing  ten  inches  tall  and  producing  seed.  In 
1894  this  plat  was  harvested  July  12th,  and  from  the  product  2Q8 
pounds  of  cleaned  seed  was  secured.  By  this  time  the  sod  had 
become  very  close,  and  most  of  the  growth  made  was  around  the 
edges  of  the  plat  Wherever  it  was  sub- irrigated  the  growth  was 
from  one  to  two  feet  high,  but  wherever  flooded  it  became  sod  bound 
and  made  almost  no  growth. 

This  was  about  the  manner  of  its  growth  the  succeeding  years, 
until  the  present  Superintendent  took  charge,  in  March,  1898. 
Noting  that  it  was  making  a  very  poor  showing,  a  portion  wafl 
given  a  dressing  of  gypsum,  and  a  sharp  implement  in  the  nature 
of  a  sub-soil  plow  was  run  through  the  other  portion  to  cut  up  the 
sod,  thinking  it  might  do  better  were  it  reheved  of  the  sodded  con- 
dition. Neither  remedy  proved  to  be  of  any  benefit.  The  only 
growth  of  any  importance  was  the  narrow  fringe  around  the  edges, 
or  on  the  ditch  banks,  where  it  secured  sub-irrigation.      It  does  not 
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&66m  to  withstand  flooding.  Becoming  satisfied  that  no  returns 
were  to  be  secured  by  further  allowing  this  to  stand,  it  was  plowed 
up  in  the  fall  of  1898.  The  sod  was  extremely  compact,  and  much 
of  the  season  of  1899  pdssed  before  it  was  rotted. 

To  a  field  of  three  acres  that  had  been  sown  to  rye  in  October, 
•1894,  was  added  Bromua  seed  on  April  9th,  1895,  at  the  rate  of 
twenty-six  pounds  per  acre.  The  seed  was  harrowed  in,  and  germi- 
nation secured  by  irrigation.  A  fairly  good  stand  was  secured  over 
the  greater  portion  of  the  field.  In  1896-97  it  furnishfed  somte 
pasture  during  a  portion  of  each  year.  In  1898,  when  first  taking 
charge  of  the  Station,  it  was  noted  that  this  grass  started  to  grow 
very  early  in  the  spring.  It  made  some  growth  until  about  the 
middle  of  May,  when  all  development  stopped.  It  remained  in 
about  this  condition  until  fall  rains  occurred,  when  it  made  some 
further  growth,  but  not  enough  to  warrant  giving  it  much  con- 
sideration. It  was  also  noted  that  wiiere  an  application  of  barn- 
yard manure  was  given,  that  the  growth  was  increased  considerably. 
It  was  further  noted  that  while  the  grass  would  withstand  con- 
siderable drouth  without  dying  out,  yet  to  secure  any  growth  ot 
vigor  of  plant  a  considerable  amount  of  moisture  was  necessary, 
and  this  moisture  should  preferably  be  in  the  form  of  rain.  Nine 
irrigations  were  given  this  field  in  1897,  between  March  26th  and 
October  1st.  A«  before  stated,  where  flooded  it  soon  became  sod 
bound.  As  the  returns  from  this  field  did  not  warrant  retaining  it 
any  longer,  it  was  plowed  up  in  May,  1899,  and. seeded  to  corn. 

That  this  grass  did  not  improve  the  fertility  of  the  soil  was 
apparent  from  comparisons  of  adjoiping  fields,  both  in  1899  with 
corn  and  in  1900  with  oats.  An  adjoining  field  that  had  been  in 
red  clover,  and  plowed  up  at  the  same  time  of  the  BromuB,  gave 
fully  fifty  per  cent,  greater  yield  in  the  two  crops  above  mentioned. 

Not  being  satisfied  that  the  trials  had  been  conclusive  with 
this  grass,  and  thinking  that  perhaps  fail  sowing  would  be  of 
benefit  in  securing  more  favorable  results,  a  field  of  one  and  one 
half  acres  was  prepared,  which  was  seeded  with  seventy  pounds  6i 
Bromus  seed,  September  7,  1898.  This  land  was  irrigated  by  means 
of  furrows  two  and  one  half  feet  apart  through  the  land,  in  which 
the  water  was  run,  giving  it  sub-irrigation  as  much  as  possible.  A 
splendid  stand  was  secured,  and  the  grass  was  up  well  before  winter 
set  in.  It  was  given  the  best  of  attention  in  1899,  and  the  heavy 
rains  of  the  summer  and  fall  were  conducive  to  its  best  develop- 
ment. The  results  of  the  year  were  promising,  and  it  appeared  as 
though  this  grass,  under  such  conditions,  would  prove  a  valuable 
adjunct  to  the  agriculture  of  this  section.  It  was  pastured  but 
slightly  in  the  fall  of  1899,  and  by  the  20th  of  April,  1900,  fur- 
nished  quite  good  pasture.  One  dairy  cow  was  turned  upon  this 
lot  and  pastured  for  about  six  weeks.     While  there  seemed  to  be  e 
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plenty  of  forage,  the  cow  did  poorly.  She  lost  in  milk  aud  flesh, 
so  much  BO  that  it  was  necessary  to  seek  some  further  food  to  secure 
good  results.  Early  in  May  this  grass  began  to  fail,  and  from  that 
time  to  date  of  this  writing  (December  28th)  has  only  lived,  making 
no  growth  whatever. 

The  .season  has  been  very  hot  and  dry,  and  under  such  con; 
ditions,  which  often  prevail,  the  artificial  application  of  water  does 
not  seem  to  be  the  requisite  to  produce  growth  and  vigor  of  plant 
Its  behavior  here  tends  to  show  that  it  is  better  adapted  to  a  region 
of  lower  mean  temperature  and  greater  summer  precipitation,  and 
that  the  soil  should  contain  much  more  clay — what  would  be 
termed  a  stronger  soil  It  becomes  sod  bound  under  irrigated  con- 
ditions, and  soon  fails  to  produce  growth  of  any  value.  The  grass 
is  coarse  and  very  low  in  nutritive  qualities.  I  see  but  one  place 
where  it  may  profitably  be  employed,  and  that  is  as  a  soil  retainer 
on  the  banks  of  ditches  that  are  liable  to  wash.  The  fact  that  it 
thrives  where  the  water  is  applied  in  this  way,  and  that  it  lorms 
such  a  dense  sod,  would  warrant  its  use  in  cases  such  as  above 
mentioned. 


Trials  at  the  Plains  Substation. 


J.  E.  PAYNE,  Superintendent. 

1895.  A  plat  was  sown  March  22nd  on  well  prepared  ground, 
which  was  broken  in  1894  and  thoroughly  plowed  in  March,  1895. 
This  seeding  was  blown  out  by  spring  winds.  Later  in  1895— June 
6th — the  same  plat  was  sown  to  Bromua  inermia.  A  good  stand 
was  obtained,  but  grasshoppers  destroyed  it  all. 

1896.  Seed  from  an  unknown  source  was  used  to  sow  a  plat 
to  BromuB  inermis.  The  ground  was  well  prepared,  and  had  been 
cultivated  in  1894  and  1895.  None  grew.  The  plat  was  seeded 
May  2nd. 

1897.  A  plat  was  sown  May  2nd,  on  well-prepared  ground 
which  had  been  in  sorghum  in  1894,  1895  and  1896.  No  stand 
was  obtained — in  fact  no  grass  was  seen  to  have  grown  from  this 
planting.  Seed:  The  same  as  that  used  in  1896.  It  was  of  un- 
known origin,  but  was  bought  from  a  reliable  seed  house. 

1898.  A  two-acre  plat  was  sown  on  land  which  had  been 
well  cultivated  in  sorghum  and  corn  during  the  four  years  1894, 
1895,  1896  and  1897.  Seed  furnished  by  the  Department  of  Agri- 
culture was  used.  This  seed  was  imported  from  Russia.  A  good 
stand   came  up,  and   the  grass  promised  well  until  late  in  the 
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summer,  when  the  dry  weather  killed  much  of  it  which  grew  on 
the  higher  part  of  the  plat.  The  grass  remained  green  until  late 
in  the  fall,  and  stood  the  winter  well.  It  started  in  the  :spring  of 
1899,  about  the  same  time  that  the  Colorado  bluestem  (Agropyrum 
«p.)  started,  but  the  dry  weather  in  the  summer  destroyea  nearly  all 
except  that  which  was  in  a  low  place,  where  extra  water  collected. 
This  patch  threw  up  a  few  seed-stalks  twelve  inches  high.  The 
spring  of  1900,  more  especially  April,  was  very  wet.  The  remain- 
ing grass  thickened  and  completely  occupied  the  ground  where  it 
had  secured  a  foothold  (this  was  confined  to  about  ten  square  rods 
which  got  the  benefit  of  storm-water  from  the  prairie).  The  seed- 
stalks  grew  twelve  to  twenty  inches  high,  but  they  were  thin  on  the 
ground.  The  main,  leafy  partfl  of  the  plants  were  too  low  to  be  cut 
by  the  mower. 

1899.  Seed  sent  out  by  the  U.  S.  Department  of  Agriculture 
in  1898  was  used  to  sow  a  plat  on  ground  which  had  been  Culti- 
vated in  hoed  crops  since  1894,  with  the  exception  of  one  year,  when 
it  was  in  barley.  Only  a  few  plants  appeared,  and  these  died 
during  the  dry  weather  of  the  summer.  This  plat  was  sown 
April  20th. 

1900.  Fresh  seed,  grown  in  Manitoba,  was  furnished  by  the 
U.  8.  Department  of  Agriculture  for  seeding  a  plat  this  year.  It 
was  sown  on  well-prepared  ground,  which  had  been  cultivated  in 
hoed  crops  every  year  except  one  since  and  beginning  with  189;4. 
Only  a  few  plants  appeared,  and  these  died  during  the  .summer. 
This  plat  was  sown | April  23d. 

Note  1. — ^''Well-prepared  ground"  means  that  the  land  was 
plowed  from  five  to  eight  inches  deep  and  thoroughly  harrowed 
until  the  seed-bed  was  practically  free  from  clods.  In  1898  and 
1899  the  land  was  plowed  eight  inches  deep  and  packed  with  a 
sub-surface  packer. 

Note  2. — ^The  choice  land  of  the  Farm  was  used  every  year  ex- 
cept 1898,  when  a  two-acre  piece,  which  represented  the  wettest  and 
the  dryest  land  on  the  Farm,  was  chosen. 

Note  3. — Seed.  The  seed  used  in  1895  and  1898  proved  to  be 
good  by  growing. ;;^The  seed  used  in  1896  and  1897  raay|not  have 
beenJgood,(as  its  origin  was  unknown.  The  seed  used^in  1899Jwa8 
some  which  was*left  from  the  supply  sent  by  the  U.  S.  Department 
of  Agriculture  in  1898.  The  seed  used  in  1900  was  fresh  se^d 
obtained  from'the  Department  of- Agriculture,  which  was  grown  in 
Manitoba.  Also  some  of  the  old  supply  sent  by  the  Department  of 
Agriculture  in  1898  was  sown.  Both  these  gave  about  the  same 
number  of  plants. 

None  4. — 'AH  seed  was  sown  broadcast  and  harrowed,  in. with  a 
j^ooihing  harrow.  Digitized  by  dooglc 
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bromus  inbbmis  8bsn  elsewhere  on  the  plains. 

Only  one  plat  was  seen  growing.  That  was  on  the  ranch  of 
Robt.  Lucore  in  the  northern  part  of  Lincoln  county.  I  saw  this 
plat  in  May.  1900.  It  then  showed  scattered  bunches  among  the 
weeds.  The  grass  appeared  to  be  growing  well,  but  was  a  very 
poor  stand.  It  was  a  small  plat.  Mr.  Lucore  said  that  he  thought 
Bromus  inermis  a  good  grass  for  his  neighborhood,  but  he  did  not 
care  to  plant  any  more,  even  if  the  seed  was  furnished  him  free. 

WEATHER   AND   COMPARATIVE   CONDITIONS. 

During  the  six  years  Bromus  inermis  has  been  tried  here,  the 
rainfall  has  been  as  heavy  as  usual.  Native  hay  has  been  cut  on 
the  uplands  every  year,  except  1900.  No  year  of  the  six  under 
consideration  was  as  drouthy  as  were  1893  and  1894. 

GENERAL   COMMENTS. 

1.  In  common  with  all  so-called  drouth-resistant  plants,  the 
testing  of  Bromus  inermis  has  proved  to  be  very  unsatisfactory  here. 
The  failure  to  get  a  stand  of  plants  is  the  greatest  difficulty  ex- 
perienced. If  rain  does  not  fall  at  the  right  time  after  seeding,  we 
are  almost  sure  to  fail  to  get  a  stand  which  will  be  fair  to  the  plant 
under  consideration.  If  a  stand  is  obtained,  continued  drouth 
before  the  young  plants  are  strong  enough  to  resist  it,  may  destroy 
all  hope  of  successful  termination  of  the  trial. 

2.  While  we  feel  that  the  grass  (Bromus  inermis)  is  a  failure 
under  the  conditions  existing  here,  we  realize  that  it  might  succeed 
where  conditions  are  not  quite  so  unfavorable.  A  difference  in  the 
distribution  of  the  rainfall  might  bring  success  where  we  have  to 
record  failure. 

Our  experience  and  observation  compels  us  to  recommend  to 
those  who  think  of  trying  Bromus  inermis  on  unirrigated  land  in 
eastern  Colorado,  that  they  test  it  on  a  small  scale  for  a  few  years, 
before  plowing  up  buffalo  grass  to  make  room  for  it. 
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The  Agricultural  Experiment  Station 

THE  STATE  AGRICULTURAL  COLLEGE, 

PORT  COLLINS,  COLORADO. 


THE  BEET  ARMY-WORM. 


CLARENCE  P.  GILLETTE. 


The  caterpillar  which  did  so  much  injury  to  sugar  beets  in  the 
vicinity  of  Grand  Junction  last  year  will  doubtless  appear  again 
this  summer.  While  the  insect  has  long  been  known  to  entomolo- 
gists, last  year  was  the  first  that  it  has  ever  been  reported  doing 
serious  harm  to  any  crop. 

While  the  life  habits  of  the  insect  have  never  been  studied,  it 
seems  probable,  from  what  the  writer  could  learn  of  it  last  summer 
and  fall,  that  it  has  two  broods  in  the  course  of  a  year.  The  cater- 
pillars that  were  so  abundant  during  August  last  year  entered  the 
ground  and  then  appeared  again  as  moths  in  September.  There 
were  few  enemies  to  destroy  the  caterpillars  and  the  moths  hatched 
in  enormous  numbers.  These  moths,  like  house-flies  and  mos- 
quitoes, seek  every  available  place  of  protection  from  winter's  storm 
and  cold  that  they  may  live  (hibernate)  until  spring.  When  vegeta- 
tion starts  the  moths  laden  with  eggs,  go  in  search  of  beets,  or  other 
plants  furnishing  suitable  food,  to  deposit  their  eggs  and  thus  pro- 
vide for  an  early  brood  of  worms.  If  ten  per  cent,  of  the  fall 
brood  of  moths  survived  the  winter,  there  is  serious  danger  that 
beets  will  fare  worse  this  summer  than  they  did  last,  unless  growers 
are  early  on  their  guard  to  make  thoiough  and  timely  application 
of  effectual  remedies.  Just  here  let  me  warn  all  against  ex- 
perimenting with  new  or  patent  remedies  which  some  friend  or 
vender  may  think  entirely  satisfactory.  Use  such  remedies  very 
cautiously  and, sparingly  at  first,  or  do  not  use  them  at  altOOQlc 
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From  what  could  be  gathered  last  summer,  it  seems  that  there 
was  a  first  brood  of  caterpillars  at  about  the  time  for  thinning  the 
beets,  which,  in  some  cases,  destroyed  most  of  the  plants  after  thin- 
ning. 

REMEDIES. 

Experiments  tried  last  summer  proved  that  the  common 
poisons,  Paris  green,  London  purple,  and  white  arsenic,  will  destroy 
the  caterpillars  if  well  distributed  upon  the  beets.  These  poisons 
may  be  applied  dry  or  in  water.  If  the  caterpillars  appear  upon 
the  beets  while  the  latter  are  small,  I  believe  the  best  method  of 
application  is  to  mix  one  part  by  weight  of  Paris  green  or  London 
purple  with  twenty  parts  of  common  flour,  and  then  dust  the  mix- 
ture over  the  plants  before  sunrise  in  the  morning.  In  this 
strength  a  light  dusting  will  be  sufficient.  The  early  application  is 
recommended,  because  then  the  leaves  have  a  slight  amount  of 
moisture  upon  them,  which  helps  to  hold  the  flour  and  poison. 
Just  after  the  leaves  are  moistened  by  a  shower  is  also  a  good  time 
to  make  the  application. 

To  apply  the  poison,  make  a  small  cheesecloth  sack  about  five 
inches  in  diameter  and  ten  inches  deep.  Fill  it  with  the  mixture  of 
poison  and  flour  and  walk  along  a  row  of  plants  shaking  the  sack 
over  them.  This  can  be  done  quite  rapidly  when  one  has  learned 
how  and  is  economical  of  poison,  and  does  not  require  wheelbarrow 
or  wagon  to  carry  pump  and  tank. 

When  the  plants  become  large,  as  in  case  of  treatment  for  the 
second  brood,  it  will  probably  be  better  to  use  a  barrel  or  tank  and 
spray  pump. 

If  a  spray  is  used,  apply  either  Paris  green  or  London  purple 
in  the  proportion  of  a  pound  to  100  gallons  of  water  and  add  two 
pounds  of  fresh  lime  for  each  pound  of  poison.  The  lime  should 
be  slaked  and  strained  through  a  sack  to  take  out  lumps.  Then 
use  a  nozzle  that  throws  a  fine  spray,  and  do  not  continue  the  ap- 
plication in  any  place  long  enough  so  that  the  drops  sprayed  upon 
the  leaves  will  run  together  and  flow  oflF,  carrying  the  poison  with 
them. 

If  white  arsenic  is  used,  prepare  according  to  the  following 
directions : 

Put  two  pounds  of  white  arsenic  and  eight  pounds  of  sal  soda 
together  in  a  dish  and  boil  for  twenty   ujinutes  in"  two  gallons  of 
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water,  and  keep  as  a  concentrated  solution.  It  is  extremely  poisonous 
and  should  be  placed  at  once  where  there  is  no  possibility  that  children  or 
domestic  animals  can  get  it.     Also,  label  it  "  poison  "  in  large  letters. 

Then,  in  each  40  gallons  of  water,  first  slake  four  pounds  of 
lime  and  then  add  slowly  one  quart  of  the  concentrated  solution 
while  the  whole  is  being  stirred.  The  mixture  is  then  ready  for 
application,  as  in  case  of  Paris  green.  The  lime  should  be  strained 
through  a  cloth  to  take  out  the  lumps. 

I  am  advising  the  use  of  these  poisons  somewhat  stronger  than 
is  common,  but  the  experience  of  last  year  makes  it  seem  advisable 
to  do  so. 

Growers  should  keep  the  closest  watch  of  their  beets  this  year, 
in  order  not  to  let  the  caterpillars  get  the  start  of  them.  I  hope  to 
be  notified  of  any  appearance  of  these  worms  or  other  injurious  in- 
sects promptly,  and  shall  be  glad  to  do  all  in  my  power  to  aid 
those  who  are  anxious  to  save  their  crops  from  the  attacks  of  such 
pests. 
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distributed  according  to  the  subject  mattcfr.  The  Annual  Reports  are  larger 
publications,  principally  devoted  to  administrative  and  technical  matter.  These 
are  printed  in  small  editions  and  sent  only  on  .special  request,  or  to  those  to 
whom  they  are  specially  useful. 

Address  :        L.  G.  CARPENTER, 

Director  of  the  Experiment  Station, 

Fort  Collins,  Colorado. 
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The  Agricultural  Experiment  Station 

THE  STATE  AGRICULTURAL  COLLEGE, 
PORT  COLLINS,  COLORADO. 


THE  CANTALOUPE  BLIGHT. 


By  H.  H.  GRIFFIN, 
Saperintendent  Arkansas  Valley  Substation. 


Rocky  Ford,  Colorado,  has  long  been  famous  for  its 
cantaloupes.  Until  of  late  the  industry  has  moved  along  at 
a  rapid  pace,  little  disturbed  by  insects  or  plant  diseases. 
The  blight,  or  rust,  was  first  noticed  on- a  few  patches  in 
1896.  There  was  an  increase  of  the  disease  in  1897,  more 
especially  on  the  same  fields,  hut  its  spread  was  not  suffi- 
cient to  cause  much  alarm.  There  was  a  vast  extension  of 
the  disease  in  1899  and  the  severity  was  much  greater.  The 
disease  seemed  to  spread  from  a  few  well  defined  centres 
and  grew  less  with  distance  from  these  centres.  Many 
points  in  the  Arkansas  Valley  report  no  injury.  All  evi- 
dence shows  that  the  disease  is  not  caused  by  any  particular 
soil  conditions,  mode  of  irrigation,  or  peculiarity  of  climate. 

The  station  be^ran  to  investigate  the  question  in  1898. 
Prof.  Crandall,  in  1899,  pronounced  the  trouble  due  to  a 
fungus,  a  new  species  named  by  Ellis  and  Everhart  ''Mac- 
rosportum  cucumeriumy 

Seed  taken  from  diseased  melons  was  planted  in  1899  to 
see  if  the  disease  was  communicated  by  the  seed.  Three 
rows,  each  250  feet  long,  were  planted  May  12th.  The  mid- 
dle row  was  sprayed  with  Bordeaux  mixture  to  test  its  effi- 
cacy as  a  preventative,  or,  should  the  disease  appear,  for  its 
control.  Sprayings  were  given  to  the  middle  row  June  22nd, 
June  30th,  July  22nd,  July  31st  and  August  b^Qoo^fc  the 
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time  of  the  first  sprayinjjr  there  was  no  app(*arance  of  the 
blight,  but  at  the  time  of  the  second  spraying  it  was  noted 
that  ^'something  on  the  leaves  that  looked  like  blight"  had 
appeared.  Previous  to  the  19th  of  June  the  weather  had 
been  very  dry,  so  that  if  any  infection  had  been  present  it  is 
not  probable  that  its  spread  would  have  been  rapid  enough 
to  become  apparent.  After  this  moisture  was  plentiful; 
seven  inches  of  rain  fell  in  July;  5.14  inches  in  the  week 
commencing  July  14th.  These  rains  submerged  the  vines 
and  could  not  fail  to  wash  off  the  spray.  At  the  third  spray- 
ing the  blight  was  strongly  in  evidence.  In  August  2.22 
inches  of  rain  fell  and  dews  wert*  prevalent.  A  decided 
benefit  was  derived  from  the  sprayings  made  after  the  22nd 
of  July.  The  sprayed  vines  held  up  comparatively  well,  and 
the  fruit  was  of  good  quality.  On  the  unsprayed  vines  the 
fruit  ripened  prematurely;  they  were  insipid  in  taste,  and  it 
could  be  detected  from  which  vines  they  were  picked.  The 
sprayed  vines  remained  green  and  in  a  growing  condition 
for  two  or  three  weeks  after  the  others  had  succumbed. 
The  plants  grown  from  diseased  seed  did  not  seem  to  be 
more  susceptible  than  those  grown  from  seed  from  healthy 
vines. 

Other  experiments  were  inaugurated  in  the  latter  part 
of  July  on  a  more  extensive  scale.  Both  the  Bordeaux 
mixture  and  an  ammoniacal  copper  carbonate  solution  were 
used  on  different  vines  at  each  place.  The  first  spraying 
with  the  Bordeaux  mixture  was  given  July  27th  and  the  last 
August  1 8th.  The  carbonate  was  first  used  August  4th  and 
the  last  spraying  was  made  August  i8th. 

The  test  was  made  on  seven  rows,  each  275  feet  long, 
the  vines  that  were  sprayed  remaining  in  good  condition 
fully  ten  days  after  the  others  were  gone.  The  melons 
ripened  slower,  in  better  condition,  and  were  of  uniformly 
good  quality. 

The  results  from  the  carbonate  were  not  so  pronounced 
as  from  the  Bordeaux  mixture.  The  results  from  the  above 
work  were  so  promising  that  it  was  tested  on  a  still  more 
extensive  scale.  About  J^  of  an  acre  of  melons  belonging 
to  Senator  Swink  were  sprayed.  About  one  acre  w^^sprayed> 
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for  Mr.  John  Dewecse,  and  one  and  three-fourths  acres  for 
Mr.  C.  S.  F^enlason.  Only  one  application  was  made  at 
these  places.  These  sprayings  were  done  late  in  the  season, 
when  the  blight  was  spreading  rapidly.  These  melons  were 
surrounded  by  others  which  were  blighting  badly. 

The  work  confirmed  the  result  of  the  other  trials.  Mr. 
Fenlason  sold  300  crates  of  good  melons  from  his  sprayed 
field. 

The  virtue  of  the  spraying  lies  largely  in  the  ability  of 
of  the  melons  to  ripen  properly,  ^.  e,,  to  perfect  the  quality  : 
the  benefit  is  not  alone  to  the  vine. 

It  took  22  pounds  of  bluestone  to  spray  the  vines  at  Mr. 
Fenlason's,  which  were  very  large.  The  estimated  cost  was 
$6.75  per  acre.  Had  the  work  been  done  earlier  the  cost 
would  have  been  much  less. 

APPEARANCE  OF  THE  DISEASE. 

The  cantaloupe  blight  is  caused  by  a  true  parasitic 
fungus.  To  the  casual  observer  the  first  appearance  is  a 
large  number  of  small  brown  spots  upon  the  leaves  in  the 
center  of  the  hill.  If  the  younger  leaves  are  examined,  it 
will  be  seen  when  the  fungus  is  at  work  some  time  before 
the  brown  spots  make  their  appearance.  It  can  be  seen 
when  the  leaf  tissue  has  been  eaten  away,  and  when 
the  injured  tissue  dies  the  brown  appearance  occurs. 
These  brown  spots  grow  larger  as  the  fungus  kills  the 
tissue,  until  they  become  so  numerous  as  to  envelop  the 
whole  leaf ;  it  appears  as  though  struck  by  frost.  It  is 
surprising  how  quickly  the  spray  will  prevent  the  enlarge- 
ment of  these  spots  upon  the  leaf.  At  the  time  spraying  is 
required  the  melon  vine  is  making  quite  rapid  growthi 
which  necessitates  spraying  at  intervals  in  order  to  cover 
the  new  growth. 

HOW  THE  ACTION  IS  PERFORMED. 

It  can  be  readily  seen  that  if  some  material  is  put  upon 
the  leaves  that  will  kill  the  fungus,  without  injuring  the  host 
plant,  that  the  desired  action  is  performed. 

No   fear   need  be  felt  that  bees  will  jJ?igdPy^?fl54le  ^ 
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number  of  hives  stood  near  one  of  the  fields  treated,  but  no 
dead  bees  were  found  nor  could  it  be  seen  that  any  injury 
resulted  to  them. 

From  the  work  of  this  season,  we  can  advise  that  two 
or  three  sprayings  be  given  should  the  weather  conditions 
prove  favorable  for  the  spread  of  the  disease.  If  a  dry 
season  occurs  perhaps  the  disease  will  not  develop  to  any 
injurious  extent. 

From  our  present  knowledge  we  should  say  that  the 
first  spraying  should  be  done  about  the  middle  of  July, 
followed  every  ten  days  until  two  or  more  are  given,  de- 
pending upon  the  weather.  It  would  be  well  to  follow  the 
first  rains  of  July  with  a  spray. 

Directions  for  making  Bordeaux  Mixture  for  use  upon 
cantaloupes: 

Dissolve  6  lbs.  of  bluestone. 
Slack  4  lbs.  of  fresh  lime. 

When  the  lime  has  become  cool  strain  off  the  milk, 
adding  it  to  the  bluestone.  Add  water  until  there  are  40 
gallons. 


The  Colorado  Expbrimrnt  Station  (a  DepartmeDt  of  the  State  Ag^ri- 
cultural  College),  issues  several  classee  of  publications  on  subjects  relating  to 
Colorado  agriculture.  Balletins,  of  which  over  fifty  have  been  printed,  are 
mailed  as  issued  to  those  who  desire  them,  as  far  as  the  edition  permits,  and 
without  cost.  A  list  of  those  already  issued  can  be  supplied.  The  Press 
Balletins  are  prepared  as  need  arises  and  distributed  according  to  the  subject 
matter.  The  Annual  Reports  are  principally  devoted  to  administrative  and 
technical  matter.  These  are  printed  in  small  editions  and  sent  only  on  special 
request,  or  to  those  to  whom  they  are  specially  useful. 

Address:       L.  G.  CARPENTER, 
Director  of  the  Experiment  Station, 

Fort  Collins,  Colorado. 
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The  Agricult  u  ral  Expert  ment  Station 

THE  STATE  AGRICULTURAL  COLLEQE, 
PORT  COLLINS,  COLORADO. 


THE  RUSSIAN  THISTLE  AS  FORAGE. 


By  J.  E.  PAYNE, 
Saperlntendent  Plains  Substation. 


In  many  localities,  the  Russian  thistle  threatens  to  take 
possession  of  the  land,  in  spite  of  all  efforts  of  public- 
spirited  people  to  keep  it  in  check. 

In  neighborhoods  where  it  has  taken  possession  of  the 
land,  it  seems  best  to  ask — Can  it  be  used  for  the  benefit  of 
the  people  whose  land  it  has  invaded  ? 

The  value  of  the  Russian  thistle  has  never  been  tested 
by  a  feeding  experiment  at  any  Experiment  Station  so  far 
as  we  know,  but  the  Minnesota  Station  has  analysed  the 
plants  in  various  stages  of  growth.  The  following,  copied 
from  the  Experiment  Station  Record,  page  553,  Vol.  6» 
gives  the  substance  of  Bulletin  No.  34  of  the  Minnesota 
Experiment  Station: 

"  When  young  the  thistle  is  claimed  to  have  a  hif$h  food  value,  especially 
for  eheep,  which,  eome  claim,  are  attracted  to  it  merely  on  account  of  the  salt 
which  it  contains.  The  chemical  analysis  shows  a  large  percHntage  of  ash 
material,  amounting  to  nearly  one -fifth  of  the  dry  weight  of  the  plant.  This  ia  a 
serious  objection  tu  its  use  as  a  fodder  plant,  on  account  of  the  alkaline  nature 
of  the  mineral  matter  present.  One  favorable  point,  as  shown  by  analysis,  is  the 
large  amount  of  nitrogenous  matter  present,  being  as  much  as  there  is  in  clover 
or  rape.  Before  the  development  of  the  thorns,  there  is  not  mticb  fil)Hr  present; 
at  this  time  the  plant  is  more  valuable  as  a  food  thao  when  mature.  When  the 
plant  is  ripe,  the  fiber  and  mineral  matter  make  up  half  its  composition,  and 
although  rich  in  nitrogenous  matter,  the  former  elements  greatly  reduce  its  feed- 
ing value. 

"  The  ash  analysis  shows  that  the  weed  has  strong  foraging  powers,  there 
being  large  amounts  of  potash  and  lime  taken   up   hyptf^^^^i^Ui^Q'i^^l^aft 


which  the  plant  makee  upon  the  Bodium  in  the  eoil  ia  a  beDeflt  to  alkali  laDde- 
The  amount  of  Bodium  present  varies  greatly  with  oonditiooB,  ehowiog  that  the 
plant  ie  able  to  adapt  itself  to  the  alkaline  oonditions  of  the  eoil.  From  the 
time  the  thorns  are  out  until  the  plant  matures  it  takes  up  a  large  amount 
of  sodium  from  the  soil,  and  only  small  amounts  of  other  materials,  hence  it 
makes  its  heaviest  draft  upon  the  soil  while  in  an  immature  state,  after  which 
it  takes  but  little  essential  plant  food.  " 

The  following  testimony  concerning  the  use  of  Russian 
thistles  as  food  for  stock  has  been  gathered  from  men  who 
have  had  more  or  less  experience  in  feeding  it : 

*'  Cattle  eat  Russian  thisclee,  but  they  are  poor  feed." 

Chab.  Hackrnbebgbr, 
Burlington,  Colo. 
'*  Cattle  will  eat  Russian  thistles  in  large  quantities.    They  physio  cattle." 

Thomas  Seaman, 
Wallet,  Colo. 
"  Cattle  eat  Uussian  thistle&    They  seem  to  do  well  on  them." 

Elmer  Brown, 
Wallet,  Colo. 
'*  I  am  feeding  my  bulls,  which  I  keep  up,  Russian  thistle  hay.    Consider 
it  good  feed  when  cut  before  the  thorns  harden." 

Samuel  P.  Shaw, 
Lamborn,  Kansas. 
"  During  the  winter  of  1899-1900, 1  fed  a  part  of  my  cattle  millet,  and  the 
remainder,  about  40  head,  Russian  thistle  hay.     Those  fed   Russian   thistles 
wintered  fully  as  well  as  those  fed  tnillet.    Fed  none  ercept  during  storms.    Fed 
Russian  thistles  to  those  that  were  the  best  rustlers." 

Leo  Thoman. 
Burlington,  Colo. 
'*  In  June,  1896,  my  cows  fed  on  young  Russian  thistles.    I  never  made 
better  butter  nor  more  of  it  than  it  did  that  month." 

A.  C.  Willis, 
Liamborn,  Kansas. 
"My  sheep  eat  Russian  thistles,  both  green  and  dry.    I   think  a  patch  of 
Russian  thistles  worth  as  much,  for  sheep  feed,  as  the  same  area  in  grass." 

Wm   Lang, 
Cheyenne  Wells,  Colorado. 
''  When  I  tirst  began  farming  here,  when   wheat  failed  I   had  no  feed  for 
stock.    Now,  when  wheat  fails,  Russian  thistles  take  possession  of  the  ground.    I 

cut  these  and  winter  my  cattle  on  them." 

Joseph  Ruby, 

Thurman,  Colorado. 

The  investigation  has  not  been  carried  far  enough  to 
warrant  us  in  recommending  the  Russian  thistle  as  a  hay 
plant  when  there  is  plenty  of  other  forage.  But  the  above 
testimony  convinces  us  that  those  whose  land  is  occupied  by 
the  thistles  should  cut  some  and  try  them  as  a  feed  for  stock. 
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The  Agricultural  Experiment  Station 

THE  STATE  AGRICULTURAL  COLLEGE, 
PORT  COLLINS.  COLORADO. 


A  SO-CALLED  BLIGHT  CURE. 


By  CARL  H.  POTTER,  AMittant  HortiouKHrltt. 

The  **  Woodbury  Blight  Cure/'  as  its  name  implies,  is  a 
proprietary  article  that  has  recently  been  placed  on  the 
market.  This  **cure"  is  guaranteed  to  be  a  certain  remedy 
for  the  blight  of  apple  and  pear  trees  if  used  as  directed, 
and  a  destroyer  of  insect  pests  as  well.  Two  mixtures^  are 
sold  by  the  company  controlling  the  cure,  a  body  wash' and 
a  summer  spray.  The  claims  for  the  remedies  and  the  di- 
rections for  their  use  as  set  forth  by  the  company,  are  as 
follows:  * 


**  The  body  wash  should  be  used  at  least  once  during  the  season,  prefer- 
ably early  in  the  spring  on  iieeount  of  sun  scald,  but  of  immense  benefit  any 
time  in  the  year. 


**  The  summer  spray  should  be  used  at  least  three  times  during  the 
season  for  the  cure  of  the  blight  and  the  destruction  of  insect  pests.  It  should 
be  used  after,  or  during,  every  severe  electrical  storm  for  an  insurance 
against  the  twig  blight. 

**Bpray  the  first  time  when  the  trees  begin  to  leaf,  again  from  the  mid- 
dle to  the  last  of  July.  F<Hlow  these  directions  carefully,  and  we  will  guar- 
antee a  cure  for  blight  and  the  practical  destruction  of  the  codling  moth  and 
other  injurious  insects.  The  spray  is  beneficial  and  will  promote  a  strong, 
healthy  growth  in  all  plant  life,  more  especially  <m  roses  and  vines.  It  will 
destroy  slugs  and  green  flies  in  the  green-house. '^ 

On  account  of  the  fact  that  a  large  sale  of  such  cure 
had  been  made,  and  that  many  inquiries  had  come  to  the 
Station,  it  seemed  proper  for  a  trial  to  be  made. 

June  29,  1898,  a  number  of  bearing  apple  trees  in  the 
Station  orchards  were  selected  and  prepared  for  trial. 
Four  distinct  series  or  lots  of  trees  were  treated,  while  the 
others,  as  similar  as  it  was  possible  to  select  them,  were 
wholly  untreated.  These  entered  the  test  merely  as  checks 
with  which  to  compare  the  trees  that  were  treated.  All  of 
the  trees  to  which  the  remedies  were  applied  were  recorded 
as  class  **A,"  while  the  untreated,  or  check  trees,  were 
class  "C." 

The  different  series  of  trees  comprised  summer,  fall, 
and  winter  apples,  and  varied  from  very  slight  affection  of 
the  twigs  to  quite  severe  cases  of   blight,  in  which  many  of 

♦  From  printed  directions  provided  by  the  company.  Digitized  by  VjOOQ  IC 


the  smaller  limbs  were  entirely  diseased,  the  blight  even 
forming  large  and  more  or  less  concentric  patches  on  the 
larger  limbs  about  the  bases  of  the  smaller  ones.  The 
trunks  were  not  very  badly  affected  by  blight,  yet  there  was 
plenty  present  for  a  test.  Thost^  trunks  that  were  rough, 
whether  in  class  **A''  or  class  **C,"  were  thoroughly  scraped 
before  treatment. 

On  the  afternoon  of  June  29th  the  trunks  and  the  lower 
portions  of  the  limbs,  to  a  height  of  about  four  feet  from  the 
ground,  of  the  trees  of  class  "A"  were  treated  to  an  appli- 
cation of  Woodbury's  **wash/'  the  material  being  applied 
with  a  stiff  paint  brush.  About  one  quart  of  the  mixture 
was  used  for  each  tree. 

The  following  afternoon,  June  30th,  the  same  trees  were 
thoroughly  sprayed  with  the  **spray  mixture.''  The  mix- 
ture was  used  double  strength,  as  the  directions  recom- 
mended where  an  early  spraying  had  not  been  given.  The 
material  was  thoroughly  stirred  and  then  diluted  to  the 
strength  of  |  of  a  quart  of  **wash"  to  4J  gallons  of  water. 
Five  gallons  of  this  diluted  mixture  were  used  on  each  tree, 
the  services  of  one  man  being  constantly  required  to  agitate 
the  liquid  in  the  box  of  the  spraying  pump.  Blighted  parts 
received  especial  attention. 

August  13th  all  of  the  trees  in  class  **A*'  were  sprayed 
as  before,  except  that  the  spray  or  **cure"  was  used  as 
diluted  in  the  proportion  of  one  part  of  spray  to  49  parts  of 
water.  November  15th  the  trunks  of  all  the  trees  in  class 
**A''  were  washed  as  before. 

•  April  18th,  1899,  the  trunks  were  again  painted  with  the 
wash,  a  very  thorough  job  being  done.  The  trees  were 
entirely  dormant. 

April  21st.  Trees  sprayed  as  per  directions.  Still  dor- 
mant. 

July  19th.     Trees  again  sprayed  as  per  directions. 

This  completed  the  application  of  the  remedies  to  the 
trees.  They  had  been  used  nearly  two  seasons,  and  were 
carefully  and  conscientiously  applied.  Frequent  and  care- 
ful observations  of  the  trees  were  made,  not  only  during  the 
two  seasons  named,  but  extending  through  the  season  just 
closed.  We  have  not  been  able  to  detect,  in  any  way,  the 
slightest  benefit  to  t/ie  trees  as  a  result  of  the  use  of  these 
materials. 

Concerning  the  value  of  the  spray  as  an  insecticide, 
Prof.  Gillette  makes  the  following  statement: 

"I  have  tested  the  'Womlhury  Bii^^ht  Cure,'  summer  spray,  upon  both 
leaf-eating  and  sap-sueking  insecis.  and  in  no  ease  did  it  seem  to  have  any 
injurious  effect  upon  the  inserts  treated.  Leaves  thorouglily  wet  with  the 
solution  were  eaten  by  insects  wliiehaft«rwardmature<l  in  perfect  condition.'^ 
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Special   River  Bulletin. 


1900 


The  Agricultural  Experiment  Station 


FORT  COLLINS,  COLORADO. 


Poudre  River  Bulletin. 


July  4  to  July  lo,  1900. 


The  rapid  decrease  in  the  volume  of 
the  river  has  continued  durini?  the  week, 
the  drop  ha  vine  been  575  feet  as  against 
340  feet  normally.  The  average  of  the 
week  is  but  871  feet,  while  the  normal  is 
1,157  feet.  Normally  the  average  of  the 
coming  week  is  250  feet  lower  than  the 
present  week,  and  the  week  following 
200  feet  still  lower. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionally  high  year: 

WEEK.  IWX).  NORMAL.  1884. 


April  4-10 224  ... 

75  .... 

....      72 

•'      11-17 8b9  ... 

Uf*  .... 

....     112 

"      18-24 lOOS  ... 

264  .... 

197 

*'     2.%! 1915  ... 

459  .... 

....     593 

May   2-8 2422  ... 

583  .... 

....     521 

*'     9.1S 2749  ... 

896  .... 

....  1703 

*•      l«-22 2274  ... 

rm  .... 

....  3841 

*•     23-29 8:^94  ... 

1691  .... 

....  4089 

"     30.n 89()8  ... 

2004  .... 

....  3970 

June  9-12 8826  ... 

2142  .... 

....  4983 

"     18-19..  .  .  2H45  ... 

2xm  .... 

....  4986 

"     20-26 2864  ... 

1804  .... 

....  4848 

**     27-3 1446  ... 

1492  .... 

....  4710 

July  4-10 871  ... 

1157  .... 

....  3360 

"     1117 

902  .... 

....  2111 

*•      18.24 

690  .... 

....  1387 

*'     15-81 

580  .... 

....  1159 

The  following  is 

the  record 

for  the 

week  in  second  feet: 

Datk. 

1900. 

1899. 

Normal 

Higheet 

Loweat 

jQly   4... 

"     i '.'.'. 
*•      7... 
"      8... 
"      9... 
**    10  ... 

1042 
9.Vi 
871 
858 
827 
795 
752 

22:)5 
2104 
2245 
2207 
1673 
1588 
1481 

1305 
1228 
1128 
1171 
1136 
lOK? 
1045 

Averaite. 

871 

1933 

1157 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 1329  1889 695  1895 1220 

1884 8:361  1890 814  1896 461 

18a5 2442  1891 M9  IK97 891 

1886 931  1^92 991  IhU^ 584 

1887 837  1.S93 8r>0    ISW 1938 

1888 522  1894 1078    1900 871 

L.  G.  Cakpentkb,  ''9'^'^^^^y 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  July  10, 1900. 
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Poudre  River  Bulletin. 

July  II  to  July  17,  ipoo. 


The  river  has  oontiDued  to  decrease 
during  the  week,  ana  shows  practically 
the  Dormal  difference  as  compared  with 
the  previous  week.  For  the  whole  week 
the  average  has  been  only  about  two 
thirds  of  the  normal,  and  less  than  one- 
half  of  the  corresponding  week  of  last 
year.  The  rainfall  at  college  amounted 
to  .17  of  an  inch;  at  Chambers  lake, 
where  a  thermograph  is  kept  by  the 
courtesy  of  Mr.  McNabb,  there  seems  to 
have  been  nothing  more  than  short 
showers  up  to  Sunday.  Water  Com- 
missioner Hawley  reports  on  Monday  a 
tota]  of  533  feet  being  furnished  river  ap- 
propriators,  and  an  additional  supply  of 
242  feet  from  exchanges. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionally  high  year: 

WEEK.  IWX).  NORMALm  1884. 

72 
112 
m 


&21 

1703 
8841 
4089 
9070 
4883 
4986 
4848 
4710 
33H0 
2111 
1367 
1159 


April  4-10... 

...     224  .... 

....      75  

11-17... 

..      8b9  .... 

....     145  

••     18-24... 

..     1005  .... 

....     264  

'•     25-1.... 

..  1915  .... 

....     459  

May  2^...  . 

...  2422  .... 

....     583  

••     9-15  ... 

..  2749  .... 
..  2274  .... 

....     896  

'•      16-22... 

....  1323  

»•     23-29... 

..  8394  .... 

....  1691  

•'     3U.5.... 

..  8908  .... 

....  2004  

.Tone  6-12... 

...  8826  .... 

....  2142  

••     18-19  . 

.  2845  .... 

....  2055  

"     20-26... 

..  2864  .... 

....  1804  

•*     27-3... 

..   1446  .... 

....  1492  

Jaly  4-10.... 

..    871  .... 

....  1157  

••     1117... 

..     680  .... 

....    902  

"     18.24.... 

....    690  

••     15-81... 

....    580  

The  following  is 
week  in  second  feet 

the  record  for  the 

Datb. 

1900. 

1899. 

Norma] 

Higheet 

Lowest 

Jaly  11... 
••    12... 
"    18... 
•*    14... 
"    n  ... 
**    16... 
**    17  ... 

705 
666 
641 
625 
597 
599 
576 

1403 
1789 
1650 
1482 
1462 
1349 
1164 

968 
982 
970 
886 
871 
827 
807 

ATeraice. 

690 

1464 

902 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 744  1889 518  1898 1888 

1884 2112  1890 582  1896 438 

1885 1827  1891 520  1807 877 

1886 658  1892 786  1896 689 

1887 860  1898 608  1899 1464 

1888 416  1894 940  1900 680 

L.  Q.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  July  17. 1900. 
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FORT  COLLINS,  COLORADO. 


Poudre  River  Bulletin. 

July  1 8  to  July  a^,  1900. 


The  rainfall  of  the  week,  which 
amouDted  to  .69  inches  at  the  college,  has 
kept  up  the  river  so  that  the  rate  of  de- 
crease has  been  less  than  in  the  few 
weeks  preceding.  Nevertheless,  the  av- 
erage for  the  week  is  but  little  over  one- 
half  of  the  corresponding  week  of  1899. 

Water  Commissioner  Hawley  reports 
the  water  being  distributed  as  follows: 
Pleasant  Valley  &  Lake  canal  65  feet,  of 
which  25  feet  is  by  reservoir  exchange; 
Larimer  County  205  feet,  88  feet  of  which 
is  from  reservoirs;  Larimer  and  Weld  20 
feet;  No.  2  Greeley  110  feet;  Dry  Creek 
20  feet;  Little  Cache  la  Poudre  12;  New 
Mercer  4;  Arthur  25;  No.  3  Greeley, 
Boyd,  etc.,  60;  small  ditches  15  feet,  or  a 
total  of  536  feet,  of  which  113  feet  are 
from  reservoirs.  The  reservoir  of  No.  2 
ditch  is  now  being  called  on  for  a  small 
supply. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionally  high  year: 

1884. 

72 

112 

197 

593 

521 

1703 

3841 

40S9 

3970 

4963 

4936 

4ai8 

4710 
33K0 
2111 
1387 
1159 


WEEK. 

IWX). 

NORMAL. 

April  4-10     . 

...     224  ... 

75  

11-17  .. 

.      889  ... 

145  

"      18-24... 

.     1005  ... 

'264  

'*     2.%!.... 

..  1915  ... 

4,59  

May   2-8...   . 

..  2422  ... 

588  

*•     915.... 

..  2749  ... 
..  2274  ... 

896  

"      l«-22... 

1323  

"     23-29... 

..  3:«4  ... 

1691  

•'     30.5.... 

..  8908  ... 

2004  

June»-12.... 

...  8826  ... 

2142  

"     1819.. 

..  2845  ... 

2055  

"     20-28... 

..  2364  ... 

1804  

•*     27-3.... 

..   1446  ... 

1492  

July  4-10.... 

..    871  ... 

1157  

"     1117... 

..     630  ... 

902  

*'     18-24... 

..     533  ... 

690 

•'     15-81... 

580 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datb. 

1900. 

1899. 

Normal 

Highest 

Lowest 

July  18... 

531 

1075 

788 

"    19... 

525 

994 

749 

*'    20... 

525 

995 

704 

"    21  ... 

481 

993 

711 

*'    22  ... 

460 

991 

661 

*'    28... 

475 

1006 

613 

**    24  ... 

786. 

961 

607 

Average. 

588 

1002 

690 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1S81 674  1889 382  1895 974 

1884 1367  1890 682  1896 435 

188h 1506  1891 389  1897 671 

1886 642  1892 561  1898 349 

1887  728  1898 419  1899 1002 

1888 818  1894 697  1900 588 

Normal  next  week,  530. 

L.  G.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  July  24, 1900. 
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July  J5  to  July  31,  1900. 


Storms  in  the  mountains  during  the 
eariy  part  of  the  week;  not  only  main- 
tainea  the  river,  but  caused  the  average 
to  be  higher  than  the  preceding  week, 
and  higher  than  the  normal  for  tncf  same 
week.  It  is  about  one-half  the  corres- 
ponding week  of  last  year. 

Water  Commissioner  Hawiey  reports 
on  the  31,  the  Pleasant  Valley  as  draw- 
ing 40  ft  from  river  on  account  of  priority 
and  15  ft  on  exchange  from  reservoirs, 
Larimer  County,  119  ft.  from  mountain 
watersheds  and  reservoir  exchange,  Lari- 
mer k  Weld  a  total  of  45  ft  of  which  20 
feet  is  from  reservoirs,  Qreeley  No.  2, 
20  feet,  other  ditches  130  ft.  The  Lari- 
mer &  Weld  reservoir  is  now  beingonlled 
on  for  about  125  ft.  The  Cache  la  Poudre 
No.  2  reservoir  completed  the  first  run 
during  the  week. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionaUy  high  year: 
VfQO.        ifOBMAL.         1884. 


April 


May 


June 


Jnljr 


Auff 


4-10... 

..    824  .... 

....   -75  .... 

....      72 

11-17.... 

.     m  .... 

....     145  .... 

....    112 

18.24... 

.    1006  .... 

....    264  .... 

....    197 

25-1.... 

..  1915  .... 

....    459  .... 

....    593 

2A...  . 

..  2422  .... 

....    588  .... 

....    521 

918.... 

..  2749  .... 

....    896  .... 

....  1703 

l(V-22.... 

..  2274  .... 

....  1323  .... 

....  3841 

28.29... 

..  8804  .... 

....  1891  .... 

....  4069 

80l5.... 

..  8908  .... 

....  2004  .... 

....  3970 

6-12.... 

...  8826  .... 

....  2142  .... 

....  4968 

18.19.. 

.  884ft  .... 

....  2066  .... 

....  4806 

20^26... 

..  2864  .... 

....  1804  .... 

....  4848 

27-8.... 

..  1446  .... 

....  1492  .... 

....  4710 

4-10.... 

..    871  .... 

....  1157  .... 

....  33H0 

1117... 

..    680  .... 

....    902  .... 

2111 

18-24.... 

..     588  .... 

....    690  .... 

....  1367 

25-81... 

..    616  .... 

....    580  .... 

1159 

17  ... 

....    462  .... 

996 

8-14... 



....    875  .... 

....    829 

16-21... 

....    841  .... 

....    859 

22-28.  . 



....    277  .... 

....    626 

The  following  is 
week  in  second  feet 

the  record 

for  the 

: 

Datb. 

1900. 

1899. 

Normal 

Hisheet 

Lowest 

July  25... 

767 

786 

562 

••    26... 

719 

988 

560 

"    27  ... 

641 

1055 

550 

-    28... 

602 

1080 

585 

"    29... 

558 

1020 

504 

"    80... 

527 

978 

510 

"    81  ... 

506 

808 

501 

ATwase. 

616 

937 

580 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 456  1889 886  18fl6 772 

1884 968  1890 876  1896 449 

1885 1159  1891 295  1897 456 

1886 468  1892 401  1896 247 

1887 442  1898 892  1899 987 

1888 881  1894 515  1900 616 

The  rainfall  for  July  has  been  below 
the  normal,  being  1.14  while  the  normal 
is  1.91  in.  Total  this  year  16.71  while  the 
normal  is  10.42.  Most  of  the  excess  came 
in  April. 

L.  G.  Cabpentbb, 

Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  July  24, 1900. 
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Poudre  River  Bulletin. 

August  I  to  August  7,  1900. 


The  river  gradually  fell  until  the  5th, 
since  then  it  has  been  a  little  higher. 
The  week  averaged  389  cubic  feet,  which 
is  about  20  per  cent,  less  than  the  normal. 
The  week  in  the  valley  has  continued 
dry,  the  rainfall  at  the  college  for  the 
week  only  amounting  to  .03  inches. 

Throueh  an  error  in  changing  inches 
to  feet,  the  flow  of  the  river  one  week 
ago  was  given  from  20  to  00  feet  too  high, 
and  the  average  for  the  week  65  feet  too 
high.  The  formula  at  this  depth  may 
be  a  few  feet  too  high,  for  a  measurement 
made  on  the  2nd. 

Water  Commissioner  Hawley  on  the 
6th  reports  Timnath  reservoir  still  run- 
ning water,  Terry  Lake  reservoir  as  hav- 
ing two  runs  left  in  storage.  Chamber's 
Lake  intact,  and  Long  Pond  with  onlv 
nine  feet  left  in  storage.  The  Norta 
Poudre  reservoirs  will  beprin  running 
water  for  the  Larimer  and  Weld  as  ex- 
change water  on  the  8th. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exci^ptionally  high  year: 

WEEK.  IWX).  NORMAL.  1884. 

April 

May 

•I 
Jane 

Joly 

Aag 


4-10... 

..     224  

11-17... 

.      8b9  

18-24... 

.     10U5  

JW-l.... 

..  1915  

2-8...   . 

..  2422  

ttl5.... 

..  2749  

ltt-22... 

..  2274  

23.29... 

..  8:«4  

30-5.... 

..  ZWH  

6-12... 

...  3826    ....... 

13-19.. 

.  2845  

20-26... 

..  2SH4  

27-3. . . . 

..   1446  

4-10.... 

..     871  

11  17... 

..     tt.W  

18-24... 

..     533  

25-31... 

..     551   

17  ... 

..     389  

8-14... 

15-21... 

22.28.  . 

75  . 

145  . 

264  . 

459  . 

583  . 

896  . 
1:523  . 
1691  . 
2004  . 
2142  . 
2055 
1804  , 
1492 
1157  , 

902 

690 

580 

462 

875 

841 


112 
197 
59:) 
521 
1703 
3841 
4039 
3970 
4983 
4986 
4848 
4710 
3360 
2111 
1367 
1159 
996 
829 
859 
625 


The  following  i?< 

the  record  for  the 

week  in  second  feet 

Date. 

1900. 

1899. 

NorxnHj 

Highent  Lowest 

Aoar.   1  ... 

369 

76S 

497 

"     2... 

S55 

762 

493 

*•      3... 

S41 

787 

487 

*•     4... 

874 

9^2 

475 

"     5... 

430 

979 

486 

*'      6... 

485 

846 

488 

'*      7... 

392 

810 

415 

.... 

AvprH#r*», 

889 

847 

462 

1 

The  corresponding  week  in  previous 
years  has  averaged, in  second  feet: 

1881 330  iHHtt 317  1895 701 

1884 996  1890 2.H8  1896 273 

18a5 1007  1891 267  1897 560 

1886 295  1892 297  1898 201 

1887 S7d  1893 291  1899 847 

1888 835  1894 459  1900 889 

The  normal  for  next  week  is  375. 

L.  G.  Cabpentsr, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Aug.  7, 1900. 
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Poudre  River  Bulletin. 

August  8  to  August  Mt  1900. 


The  flow  of  the  river  has  continued  to 
gradually  decrease  during  the  week, 
averaging  275  cu.  ft.  per  second  which  is 
100  cu.  ft.  less  than  the  normal  for  the 
same  week.  The  weather  has  continued  , 
warm  and  dry,  only  a  trace  of  precipita- 
tion at  the  college  during  the  week. 
Neither  were  there  any  storms  in  the 
mountains  sufficient  to  affect  the  flow  of 
the  river. 

Water  Commissioner  Hawley  on  the 
13th  reports  the  water  being  distributed 
as  follows:  Pleasant  Valley  and  Lake 
CeLUfii  40  ft.,  Larimer  County  73  ft.,  Dry 
Creek  12  ft.,  Larimer  &  Weld  "iO  ft.  Coy 
8  ft.,  small  ditches  20  ft.,  Mill  and  below 
50  ft 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionally  high  year: 

WEEK.  1900.  NORMAL.  1884. 

April 
May 

Jane 
t( 

Jaly 
it 

Aqs 


K. 

1900. 

NORMAL. 

4-10... 

..    224  ... 

75 

...• 

11-17  .. 

889  ... 
.     1005  ... 

145 

18-24... 

264 

•25-1.... 

..  1915  ... 

459 

2^...  . 

..  2422  ... 

583 

915  ... 

..  2749  ... 
..  2274  ... 
..  8394  ... 

896 

ltt-22... 

1323  

23.29... 

1691  

30.5.... 

..  8908  ... 

2004 

6-12.... 

...  8826  ... 

2142  

18.19.. 

.  2845  ... 

2055  

20-26... 

..  2864  ... 

1804 

27-3.... 

..  1446  ... 

1492  

4-10.... 

..    871  ... 

1157  

11  17... 

..     680  ... 

902 

18-24.... 

..     533  ... 
..     551  ... 

690 

25-81... 

580 

17  ... 

..     389  ... 
..     275  ... 

462 

8-14... 

875 

15-21... 

841  

22-28.  . 

277 

78 

112 

197 

593 

521 

1703 

3841 

4089 

3970 

4963 

4986 

4848 

4710 

33K0 

2111 

1367 

1159 

996 

829 

8.')9 


The  following  is 

the  record  for 

the 

week  in  second  feet: 

Datb. 

1900. 

1899. 

Normal 

Hiffheet 

Lowest 

Ani,.  |... 

815 

782 

388 

299 

793 

401 

"    10... 

292 

730 

404 

'*    11  ... 

276 

685 

380 

'*    12... 

290 

626 

864 

"    18... 

247 

592 

844 

**    14... 

235 

547 

845 

1924 

4715 

2626 

Average. 

275 

674 

875 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 193  1896 557 


1884. 
1885. 
1886., 

1887., 
1888., 


829  1890 816  1896.. 

728  1891 192  1897. 

243  1892 258  1898. 

802  1898 291  1899., 

181  1894 425  1900.. 


190 
467 
165 
674 
275 


ThQ  normal  for  next  week  is  341. 

L.  G.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Aug.  7, 1900. 
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Poudre  River  Bulletin. 

Ausust  15  to  August  Ji,  1900. 


The  flow  of  the  river  during  the  past 
week  has  remained  steadr,  very  httle 
change  having  occurred.  The  week  has 
averaged  215  cubic  feet,  while  the 
average  for  the  week  has  been  341  cubic 
feet,  or  126  cubic  feet  less  than  the 
normal. 

The  week  has  continued  warm  and 
dry,  only  .09  inches  of  precipitation  has 
faUen  at  the  college  during  the  week. 
No  storms  have  occurred  in  the  moun- 
tains to  affect  the  stream  during  the 
week.  Since  May  1st  the  precipitation 
has  been  3.83  inches,  which  is  the  dryest 
since  1880. 

Water  Commissioner  Hawley  on  the- 
20th  reports  the  water  being  distributed 
as  foUows:  Pleasant  Valley  and  Lake,  40 
feet;  Larimer  County,  59  feet,  35  4eet  of 
which  comes  from  the  Laramie  river; 
Dry  Creek,  12  feet;  Larimer  and  Weld, 
20  feet;  Cov,  5  feet;  Mill  and  below,  32 
feet;  smaU  ditches  and  leakage  through 
headgates,  20  feet. 

The  following  table  shows  how  1900 
compares  with  the  normal  and  with  1884, 
which  was  an  exceptionally  high  year: 

1900.  NORMAL.  1884. 


The  following  is 

the  record  for 

the 

week  in  second  feet 

Date. 

1000. 

1890. 

Normal 

Highest 

Lowest 

^  16... 

214 

502 

884 

218 

681 

346 

"    17... 

218 

500 

334 

'*    18... 

218 

465 

3U7 

"    19... 

2U 

429 

340 

*•    20... 

212 

393 

324 

"    il... 

210 

356 

812 

Ayerase. 

215 

475 

341 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 165  1896 427 

1884 859  1890 867  1896 

1885 496  1891 229  1897 

1886 354  1892 176  1898 

1887 803  1893 239  1899 

1888 194  1894 813  1900 


272 
812 
130 
475 
215 


The  normal  for  next  week  is  277. 

L.  G.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Aug.  21, 1900. 


April  4-10... 

...    224  .... 

....      75  .... 

....      72 

•     11-17... 

.      889  .... 

....     145  .... 

....     112 

•*     18-24... 

.     1006  .... 

....     264  .... 

197 

**     25-1.... 

..  1915  .... 

....     459  .... 

....    593 

May  2-8...  . 

..  2422  .... 

....     .^83  .... 

....     521 

"     9.15.... 

..  2749  .... 

....     896  .... 

....  1703 

*'     16-22... 

..  2274  .... 

....  1323  .... 

3841 

"     23-29... 

..  8394  .... 

....  1691  .... 

....  4089 

••     30^.... 

..  8908  .... 

....  2004  .... 

....  3970 

June  6-12.... 

..  8826  .... 

....  2142  .... 

....  4983 

*'     18.19.. 

..  2845  .... 

....  2055  .... 

....  4936 

"     20.26... 

..  2364  .... 

....  1804  .... 

....  4848 

"     27-3.... 

..  1446  .... 

....  1492  .... 

....  4710 

July  4-10 

..    871  .... 

....  1157  .... 

....  3360 

'*     1117.... 

..    680  .... 

....     902  .... 

....  2111 

'*     18-24.... 

..     533 

....    690  .... 

....  1367 

'*     25-81... 

..    551  .... 
..     389  .... 

....    580  .... 

....  1159 

Aug     17  .... 

....    462  .... 

....    996 

•^     8-14.... 

..     275  .... 
..     215  .... 

....     875  .... 

....    829 

"     15-21.... 

....    841  .... 

....    859 

"     23-28.  .. 

....    277  .... 

....    625 
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August  J  J  to  August  j8,  1900. 


The  river  has  remaiDed  constant  dur- 
ing the  week,  and  nearly  the  same  as  for 
the  preceding  week,  and  shows  an  aver- 
age of  208  sec.  ft.  compared  with  the 
normal  of  277  feet  and  of  H31  feet  for  last 
year.  Of  this  amount  50  feet  were  re- 
ported coming  from  Chambers  lake  and 
25  from  Laramie  river  on  the  27th. 

The  following  is  the  record  for  the 
week  in  second  feet: 


DATS. 

1900. 

1899. 

Normal 

Higheiit 

Loweet 

AQff.22... 

248 

311 

:«8 

"    M.. 

195 

843 

808 

*»    24... 

2U0 

385 

289 

•*    25... 

198 

820 

285 

"    26... 

215 

822 

265 

"    27  ... 

212 

318 

241 

•*    28... 

201 

335 

255 

Ayeraae. 

203 

381 

277 

The  corresponding  week  in.  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 125  189R 866 

1884 625  1890 250  1896 842 

1885 512  1891 246  1897 282 

1886 330  1892 144  1896 129 

1887 296  1898 198  1899 381 

1888 129  1894 230  1900 208 

Rainfall  for  week  .04  in.  Only  0.16  in. 
so  far  this  month  while  the  average  of 
the  month  is  ]  .30  in. 

The  normal  for  next  week  is  242. 
L.  G.  Carpenter, 

Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Aug.  21, 1900. 
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Ausust  J9  to  Sept.  4^  1900. 


The  amount  of  water  in  the  river  has 
continued  to  decrease,  falling  from  204 
feet  at  the  beginning  of  the  week  to  143 
at  the  close. 

The  average,  185  feet,  is  not  much  fn 
excess  of  the  corresponding  week  of  the 
previous  low  years.  The  small  precipi- 
tation since  April  has  caused  a  large  de- 
mand for  water,  which  has  had  to  be 
supplied  by  artificial  irrigation  and  has 
lessened  the  available  supply.  The  pre- 
cipitation in  August  was  but  .16  inch 
while  the  normal  is  1.90  inch. 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datb. 

1000. 

1899. 

NonniU 

Highest 

Lowest 

Aug.  29... 
"    80... 
"    31  ... 

"  4... 

2CA 
199 
204 
204 
199 
160 
143 

340 
366 
460 
87B 
807 
375 
338 

266 
248 
250 
248 
241 
283 
222 

AYenae. 

185 

374 

242 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 


1881. 

1884., 


—  1889.. 


72  1895. 


.  810 
1885.. a^i  1891 162  1897 227 


419  1890 166  1896. 


1886 281  1892. 


1898. 


125 

1887 289  1803(8d7B).  1!M)  1899 374 

-   "        - 185 


1900. 


1888 140  1894 174 

L.  G.  Carpenteb, 
Agricultural  Ex.  Stacion,  Fort  Collins, 
Colo.,  Sept.  4, 1900. 
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Sept.  5  to  Sept.  ii,  1900. 

The  flow  of  the  river  for  the  first  three 
days  of  the  week  was  slightly  lower. 
Since  chen,  rains  in  the  mountains  have 
increased  the  amount.  The  river  rose 
Quite  suddenly  from  this  cause  on  Sun- 
aay  morning,  from  190  feet  to  a  maximum 
of  462  feet  for  a  short  time.  Also,  on 
Tuesday  morning  from  500  to  850  cubic 
feet. 

The  rainfall  at  the  college  during  the 
week  has  been  .63  inches,  while  the  nor- 
mal for  the  month  is  .79  inches.  Rains 
in  the  valley  have  been  of  inestimable 
benefit  to  the  whole  community,  es- 
pecially to  the  farmers,  after  the  long- 
continued  dry  weather  of  the  past  sum- 
mer. 

The  normal  river  flow  for  next  week 
is  172  cubic  feet. 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datb. 

1900. 

1890. 

Nonnal 

Hi«hett 

Lowest 

SeptJ... 

*•  7..; 

"      8... 
••      «... 
**    10... 

•*    u  ... 

138 
128 
124 
137 
183 
260 
255 

317 
302 
280 
281 
2fV3 
229 
214 

210 
198 
198 
210 
2C6 
203 
200 

Avenure. 

174 

271 

204 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 65  1895 2a 

1884 3.59  1890 128 


298 

174 

1886 224  I8«2..(e8t).  120  1898 86 

1887 -204  1893..  (eet).  160  1899 271 


1885. 


1896., 
343  1891 138  1897. 


1888. 


174 


121  1894 219  1900 

L.  G.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Sept.  II,  1900. 
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Sept.  la  to  Sept.  i8,  1900. 

The  flow  of  the  river  has  gradually  fal- 
len during  the  past  week.  The  average 
for  the  week  has  been  144  cubic  feet, 
while  the  normal  for  the  same  time  is  172 
cubic  feet.  The  weather  has  continued 
dry,  no  precipitation  having  fallen  at  the 
college  auring  the  week  since  May  1, 
the  total  precipitation  has  been  4.5  inches 
which  is  the  dryest  for  these  fl  7e  months 
since  1893,  when  only  3.d2  inches  fell  in 
that  time. 

The  normal  river  flow  for  next  week  is 
146  cubic  feet. 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datx. 

1900. 

1880. 

Nonnal 

Hisheet 

Lowest 

8.pU|... 

151 
157 

200 
108 

102 
184 

"    14... 

156 

202 

171 

»    18... 

144 

221 

168 

"    16... 

138 

223 

170 

"    17... 

183 

220 

163 

"    18  ... 

126 

106 

154 

Avense. 

144 

200 

172 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1880 66  1805 188 

1884 309  1800 80  1896 805 

1885 270  1891 129  1897 170 

1886 177  1892.. (e«t).  —  1898 65 

1887 145  1898.. (eet). —  1899 209 

1888 ICO  1804 182  1900 144 

L.  Q.  Carpenter, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Sept.  18, 1900. 
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Sept.  19  to  Sept.  35,  1900. 

The  flow  of  the  river  during  the  past 
week  has  remained  about  the  same.  The 
average  for  the  week  has  been  120  cubic 
feet,  while  the  normal  for  the  same  time 
is  140  cubic  feet.  The  rainfall  at  the 
college  during  the  week  has  been  .33 
inches.  Light  frosts  have  occurred  since 
the  19th,  but  none  sufficiently  severe  to 
kill  the  larger  portion  of  growing  crops. 

The  normal  river  flow  for  next  week  is 
143  cubic  feet. 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datb. 

1900. 

1899. 

Nonnal 

Hishett 

Lowest 

8epU9... 

118 

179 

190. 

"  ao... 

113 

154 

149 

"    21... 

122 

136 

146 

"    22... 

122 

141 

142 

"    2S  ... 

121 

189 

140 

'*    24... 

121 

138 

146 

"    25  ... 

120 

187 

149 

Avenge. 

120 

146 

146 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 78  1896 205 

1884 246  1890 82  1890 281 

1885 219  1891 183  1897 149 

1886 135  1892. .(eet).  120  1896 46 

1887. 184  1898..  (eBt).  115  1899 146 

1888 81  1894 119  1900 120 

L.  Q.  Caspentbr, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Sept.  26. 1900. 
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Sept.  a6  to  Oct.  a,  1900. 

The  river  for  the  week  shows  a  slight 
gain  over  the  preceding  week,  a  conse- 
quence of  the  storm  which  amounted  to 
1.28  inches.  A  small  amount  of  water  is 
still  being  received  from  the  Laramie. 

The  rainfaU  in  September  amounted 
to  1.92  inches  more  than  any  other 
September  on  record  since  1882. 

The  following  is  the  record  for  the 
week  in  second  feet: 


Datb. 

1900. 

1890. 

Normal 

Hisheet 

Lowest 

8e.pt|.... 

141 
144 

138 
135 

147  . 

148 

"    28... 

140 

138 

145 

'*    29... 

140 

130 

143 

"    80... 

141 

124 

141 

Oct.    1... 

140 

117 

137 

'*      2... 

187 

108 

188 

ATenge. 

140 

126 

148 

—    1880.... 

...    70    1895.... 

...  191 

283    1890.... 

...    65    1896.... 

...  176 

212    1891.... 

...  147    1897.... 

...  148 

The  corresponding  week  in  previous 

years  has  averaged,  in  second  feet: 

1881... 
1884... 
1885 

1886!!!.....  138  1892..  (eet).  120  1896 88 

1887 179  1898.. (eet).  160  1899 126 

1888 85  1894 127  1900 140 

The  normal  river  flow  for  next  week  is 
134  second  feet. 

L.  G.  Carpbntbr, 

Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Oct.  2, 1900. 
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Oct.  3  to  Oct.  9,  1900. 

The  Poudre  has  remained  nearly  con- 
stant during  the  week,  averagin  122 
cubic  feet  per  second  for  the  whole  week 
as  against  101  for  the  same  week  last 
year,  and  134  for  the  normal. 

The  corresponding  week  in  previous 
years  has  averaged,  in  second  feet: 

1881 —  1889 66  16P5 228 

1884 203  1800 66  1886 212 

1885 202  1891 184  1897 181 

1886 133  1892.. (60t).  —  1898 41 

1887 121  1898.. (est). —  1899 101 

1888 97  1894 137  1900 122 

L.  Q.  Cabpentbr, 
Agricultural  Ex.  Station,  Fort  Collins, 
Colo.,  Oct.  9, 1900. 
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Oct.  10  to  Oct.  169  1900. 

TheriTor  for  the  week  ayeraged  Ul 
*cabic  feet  per  second,  with  a  maximuin 
of  106  feet  on  Thnreday,  and  gradually 
dropped  to  IdO  cabic  feet  at  the  end  of 
the  week  This  ia  alightly  above  the 
nonnaL 

The  corresponding  week  in  previoua 
yean  has  averaged,  in  second  feet: 

IfiU —    IflSe 68  IM 180 

1884 «tt   18B0 W  1886 818 

Va»{Udn)  206    1881 112  1807 Ul 

1886 lU  1801.. (est). —  1806 68 

1887 U6  1808.. («rt). —  1800 186 

1888 100  1804 107  1800 lU 

L.  G.  Carpsttkb, 
Agricultural  Ex.  Station,  Fort  Collins, 
Cola,  Oct  17, 1900. 
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THE  STATE  BOARD  OF  AGRICULTURE 


Term 
Postofflce  Expires 

HON.  JAMES  L.  CHATFIELD Gypeum 1901 

HON.  A.  LINDSLEY  KELLOGG Rocky  Ford 1901 

HON.  B.  F.  ROCKAFELLOW .Canon  City 1903 

MRS.  ELIZA  F.  ROUTT Denver 1903 

HON.  JESSE  HARRIS Fort  Collins 1905 

HON.  P.  F.  SHARP Denver 1905 

HON.  HARLAN  THOMAS Denver 1907 

HON.  P.  A.  AMISS Pruden 1907 

GOVERNOR  C.  S.  THOMAS 


PRESIDENT  B.  O.  AYLESWORTH.  (exofflcto. 


OFFICERS. 

P.  F.  SHARP President 

A.  M.  HAWLEY Secretary 

JOHN  H.  FESLER  (State  Treasurer,  Denver,  Colo.) Treaaurer 

GEORGE  A.  WEBB Local  Treasurer 
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STANDING  COMMITTEES. 


Esectstive* 


P.  F.  SHARP  JESSE  HARRIS         B.  F.  ROCKAFELLOW 

J.  L.  CHATFIELD  P.  A.  AMISS 


Finance* 
B.  F.  ROCKAFELLOW       J.  L.  CHATFIELD  A.  L.  KELLOGG 


Fann  and  Stock* 
J.  L.  CHATFIELD  P.  A.  AMISS  JESSE  HARRIS 


Factsity  and  Gmums  of  Study. 
B.  O.  AYLESWORTH         HARLAN  THOMAS  ELIZA  F.  ROUTT 


Botanyt  HortktsHtire  and  Entomology* 
JESSE  HARRIS  B.  F.  ROCKAFELLOW  P.  A.  AMISS 


BSatbcmatlcs,  Civil  and  Irrigation  Engineering  and  Military  Science* 
A.  L.  KELLOGG  ELIZA  F.  ROUTT  B.  O.  AYLESWORTH 


Mechanical  Engineering  and  Chemiitry* 
HARLAN  THOMAS  A.  L.  KELLOGG  J.  L.  CHATFIELD 


College  BoildingB  and  Permanent  Improvements* 
P.  A.  AMISS  B.  O.  AYLESWORTH  *  JESSE  HARRIS 


Domestic  Science  and  Library* 
ELIZA  F.  ROUTT  HARLAN  THOMAS     B.  F.  ROCKAFELLOW 
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THE  AGKICULTURAL  EXPERIMENT  STATION. 


STATION  STAFF. 

L.  G.  CARPENTER,  M.  S Meteorologfist  and  Irrigation  Engineer 

C.  P.  GILLETTE,  M.  S Entomologiat 

W.  W.  COOKE,  B.  Sm  A.  M Agriculturiat 

W.  P.  HEADDEN,  A.  M..  Ph.  D Chemist 

J.  H.  CO  WEN,  B.  8m  M.  Agr  * Horticulturiat  and  Botanist 

R.  E.  TRIMBLE,  B.  S Assistant  Meteorologist  and  Irrigation  Engflneer 

F.  L.  WATROUS Assistant  Agriculturist 

L.  A.  TEST,  B.  M.  E.,  A.  C Assistant  Chemist 

E.  D.  BALL,  M.  S Assistant  Entomologist 

C.  H.  POTTER,  M.  S Ateistant  Horticulturist 

JOSEPH  LOWNES,  B.  S Assistant  Chemist 

F.  C.  ALFORD,  B.  S Assistant  Chemist 

H.  H.  GRIFFIN,  B.  S.... Superintendent  Arkansas  Valley  Substation, 

Rocky  Ford,  Colorado 

J.  E.  PAYNE,  M.  S Superintendent  Plains  Substation, 

Cheyenne  Wells,  Colorado 


OFFICERS. 
President,  B.  O.  AYLESWORTH,  A.  M.,  LL.  D. 

L.  G.  CARPENTER,  M.  S Director 

A .  M.  HA  WLEY Secretary 

W.  R.  HEADDEN,  B.  S Stenographer  and  Clerk 

*Elected  July  2,  1900.    Died  July  12,  1900. 
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BOAKD  OF  INSTRUCTION. 


BARTON  O.  AYLESWORTH.  A.  M.,  LL.  D., 

President  and  Professor  of  Political  Eksonomy  and  Logic. 

JAM£S  W.  LAWRENCE,  B.  S., 

Professor  of  Mechanical  ESngineering. 

LOUIS  G.  CARPENTER.  M.  B^ 

Professor  of  Civil  and  Irrigation  Engineering. 

WENDELL  PADDOCK,  M.  S.. 

Professor  of  Botany  and  Horticulture. 

CLARENCE  P.  GILLETTE,  B.  S.. 

Professor  of  Zoology  and  Entomology. 

BURT  C.  BUFFUM,  M.  S.. 

Professor  of  Agriculture. 

WILLIAM  P.  HEADDEN.  A.  M.,  Ph.  D.. 
Professor  of  Chemistry  and  Geology. 

THE0D08IA  G.  AMMONS, 

Professor  of  Domestic  Science. 

EDWARD  B.  HOUSE,  B.  S..  E.  E., 
Professor  of  Mathematics. 

EDWARD  M.  TRABER,  A.  B., 

Professor  of  Rhetoric  and  Philosophy. 

VIRGINIA  H.  CORBETT,  B.  S. 

ALFRED  M.  HAWLEY. 

Secretary  of  the  Faculty. 

CHARLES  J.  GILKISON,  B.  S., 

Principal  Commercial  Department. 

RICHARD  A.  MAXFIELD,  B.  S.,  Major  Cadet  Battalion. 
Professor  Military  Science  and  Tactics. 

DR.  GEO.  H.  GLOVER,  B.  S.,  D.  V.  S., 

Professor  of  Veterinary  Science  and  Surgery. 
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INSTEUCTORS  AND  ASSISTANTS. 


R  E.  TRIMBLE,  B.  S.,  Meteorolopry  and  Irrigation  EngineeriDg. 

AMOS  JONES.  B.  S.,  Field  Work  in  Eogineeriog. 

L.  D.  GRAIN,  B.  M.  E.,  Mechanical  Engineering. 

ALLEN  P.  GREENACRE,  B. S., ForgeRoom  Work. 

WILLIAM  F.  GARBB,  Foundry  Practice. 

FRANK  L.  WATROUS.  Agriculture. 

CARL  H.  POTTER,  M.  S.,  Botany  and  Horticulture. 

CHARLES  F.  MERGLEMAN,  Floriculture  and  Landscape  Qardenin*;. 

LOUIS  A.  TEST.  B.  M.  E.,  A.  C,  Chemistry. 

FRED  ALFORD,  B.  S.,  Chemistry. 

JOSEPH  LOWNES,  B.  S.,  Chemistry. 

E.  S.  G.  TITUS.  B.  S.,  Entomology. 

LATHROP  M.  TAYLOR,  B.  S.,  Stenography  and  Typewriting. 

CHARLES  GOLDING  DWYRB,  Jr.,  Bookkeeping. 

RALPH  H.  HESS,  B.  S.,  Mathematics. 

SARAH  T.  SUTHERLAND,  Domestic  Science. 

JAMES  A.  STUMP,  B.  S.,  Physics  and  Civil  Engineering. 

Librarian: 
MARGUERITE  E.  STRATTON,  B.  S. 

Stenographer,  President's  Office: 
FRANK  H.  THOMPSON,  B.  S. 
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LETTER  OF  TRANSMITTAL. 


To  His  Excellency,  The  Governor  : 

Sir — Herewith  I  transmit  my  annual' report  as  secretary 
of  the  State  Board  of  Agriculture.  It  is  respectfully  com- 
mended to  your  attention  and  to  the  thoughtful  consideration 
of  the  general  assembly. 

A.  M.  HAWLEY, 
Secretary^  the  State  Board  of  Agriculture. 

THE  STATE  AGRICULTURAL  COLLEGE, 
Fort  Collins,  Colorado, 
November  30,  1900. 
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SECRET  ARTS  STATEMENT 
CONNECTED  WITH  THE  GENERAL  FUND. 

FOR  THE  FISCAL  YEAR.  BEGUN  DECEMBER  1,  1889.  AND  ENDBD 
NOVEMBER    80,    1900. 


RECEIPTS. 
Land  income  fund  (congressional  act  of  1882  for  the  endow- 
ment of  an  A^rricultural  Collesre  in  Colorado) $10,913  09 

Tax  fund,  one-fifth  mill  levy 32,946  99 

Annie  Jones  library  fund 18  00 


$43,877  OS 


DISBURSEMENTS. 

Salaries $  8.063  23 

President's   office 289  99 

Secretary's  office 189  70 

Library  department 486  69 

Horticuitural  department 8,031  39 

Agricultural  department 7,620  72 

Chemical  department 1,470  17 

Mechanical  engineering  department 1,611  11 

Mathematical   department 63  10 

Physics  and  engineering  department 717  09 

Zoology  and  entomology  department 667  15 

Military  department 26  25 

History  and  literature  department 16  60 

English  and  philosophy 38  60 

Domestic  science  department 418  99 

Commercial  department 274  92 

Furniture  108  80 

Insurance  914  25 

Current   expense 3,608  68 
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DISBURSEMENTS— Continued. 

State  Board  of  Afirriculture 2,734  00 

General  repairs 1,448  21 

Permanent  improvements 1,540  20 

Text-book  department ^ 2,006  38 

Freight  and  express 398  99 

Fuel  and  lights 3,169  89 

Student  labor 1,771  B7 

Veterinary   science    department 204  65 

Advertising  447  09 

Farmers'    institutes 189  77 

Annual  catalogue ! 625  00 

Assocfation  of  A.  A.  C.  and  E.  S 10  00 


143,877  06 


ITEMIZED  STATEMENT  OF  SECRETARY'S  CASH 
RECEIPTS. 


Farm   department   sales I  1,369  47 

Text-book  department  sales 1,290  31 

Domestic  science  department  sales 7  39 

Horticultural   department   sales 196  12 

Freight,    etc.,    refunded 60  35 

Commercial  department  sales 75 

Entomological  department  sales 22  06 

President's  office  sales 4  00 

Engineering  department  sales 21  05 

Chemical  department  sales 45  00 

Annie  Jones  library  fund 84  96 


$  3,101  44 
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STATE  BOARD  OP  AGEIOULTUEB.  15 

REPORT  OF  THE  UNITED  STATES  OR  "MORRILL" 
FUND  FOR  THE  FISCAL  YEAR  BEGUN  JULY  1, 
1899,  AND  ENDED  JUNE  30, 19Q0. 

RECEIPTS. 

Balance  on  hand  July  1,  1899 $     390  85 

United  States  draft 25,000  00 

^,390  86 

DISBURSEMENTS. 
Salaries  125,390  86 


REPORT  OF  EXPERIMENT  STATION  FUND  (ACT  OF 
CONGRESS  OF  1887)  FOR  FISCAL  YEAR  BEGUN 
JULY  1, 1899,  AND  ENDED  JUNE  30, 1900. 

RECEIPTS. 
United  States  draft $16,000  00 

n6,000  00 

DISBURSEMENTS. 

Salaries  $8,797  80 

Agrricultural  section 89  48 

Horticultural   section 162  10 

Entomoloerical   section 229  07 

Chemical  section ; 1,000  00 

Meteorology  and  irrigation  section 856  38 

Director's  office 283  03 

Printing    bulletins 291  65 

Stationery  32  35 

Arkansas  valley   sub-station 1,836'72 

Plains  sub-station 1,104  67 

Annual    report 297  00 

A.  A.  A.  C.  and  E.  S 10  00 

Library  10  75 

$15,000  00 
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REPORT  OF  EXPERIMENT  STATION  SPECIAL  FUND 
FOR  FISCAL  YEAR  BEGUN  JULY  1,  1899,  AND 
ENDED  JUNE  30, 1900. 


RECEIPTS. 

Balance  on  hand  July  1,  1899 $  891  69 

Arkansas  valley  sub-station  sales 1,079  87 

Irrlfiratlon  section  sales 6  00 

Horticultural  section  sales 8  36 

Divide  sub-station  rent 40  00 

$  1,624  91 

DISBURSEMENTS. 

San  Luis  valley  sub-station $  160  00 

Arkansas  valley  sub-station 147  89 

Divide  sub-station 6  80 

Salaries    175  46 

Agricultural  section 20  00 

Horticultural   section 2  26 

Entomological   section 14  93 

Irrigation  section 106  50 

Printing   bulleUns 816  85 

Stationery 4 .50 

Plains  sub-station 187  61 

Director's  office 124  75 

$1,207  44 
Balance  on  hand  with  local  treasurer,  July  1,  1900 $    817  47 


Digitized  by 


Google 


PRESIDENT'S  REPORT. 


To  THE  State  Board  op  Agbicultttbe  : 

STUDENT  ENROLLMENT. 

The  student  enrollment  for  the  year  1899-1900,  given  by 
classes,  is  as  follows : 

Male.  Female.    Total. 

Post  srraduates  6  1  7 

Seniors  20  10  SO 

Juniors  24  4  28 

Sophomores   * * 22  10  32 

Freshmen  48  16  64 

Sub-freshmen   53  26  78 

Preparatory  class 21  9  30 

Commercial  course  (seniors) 6  9  15 

Commercial  course  (Juniors) 36  20  56 

Unclassified  students 8  16  » 

Total 244  119  863 

It  will  be  observed,  from  the  above  list  of  registration, 
that  the  gain  of  1899  over  1898  in  enrollment  is  considerable; 
in  fact,  it  is  the  largest  for  a  number  of  years.  The  registra- 
tion has  been  fairly  apportioned  among  the  five  courses,  viz. : 
agricultural,  mechanical  engineering,  civil  engineering, 
ladies',  and  commercial. 

It  was  thought  best  by  the  board  last  year,  the  entire  fac- 
ulty concurring,  to  drop  the  preparatory  year  from  the  course 
of  study.  There  are  various  reasons  for  this  action.  Since 
it  did  the  work  of  the  eighth  grade,  it  was,  in  reality,  dupli- 
cating the  work  already  done  at  public  expense  in  every  por- 
tion of  the  state.    Then,  too,  the  law  prescribing  the  qualifi- 
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cations  for  admission  seems  very  clearly  to  prohibit  work 
below  the  present  sub-freshman  year. 

There  may  have  been  a  slight  fear  as  to  the  effect  this 
loss  would  have  upon  the  enrollment.  Such  fear,  however, 
disappears  in  the  light  of  the  registration  of  the  fall  term 
and  first  month  of  the  winter  term  of  this  year,  ss  shown  in 
the  following  classification : 

Male.  Female.    Total. 

Seniors   21  2  23 

Juniors  18  9  27 

Sophomores  42  13  56 

Freshmen  47  24  71 

Sub-freshmen   75  15  90 

Senior  commercials 7  7  14 

Junior  commercials 44  18  62 

Unclassified    students 6  18  24 

Post-grraduates 1  1 

Total ..  367 

The  loss  resulting  from  the  dropping  of  the  preparatory 
year  has  been  made  good,  and  prospects  are  excellent  for  a 
considerable  net  gain  before  the  end  of  the  college  year. 

But  something  more  than  numbers  appears  here.  Num- 
bers, after  all,  is  a  minor  per  cent,  as  indicating  the  growth  of 
an  institution.  The  increase  in  the  average  age  of  the  stu- 
dents, the  general  bearing  of  the  student  body,  the  more  seri- 
ous work,  and  the  finer  spirit  manifested  at  the  daily  task 
are  surer  marks  of  growth. 

In  the  list  of  the  faculty  appear  four  new  names.  These 
new  workers  came  to  us  at  the  beginning  of  the  present  school 
year.  Their  predecessors  resigned  to  accept  other  positions, 
two  of  them  to  go  into  the  government  employ  in  scientific 
research — with  the  best  of  good  will  towards  board,  faculty 
and  students.  In  filling  their  places,  a  most  thorough  canvass 
was  made  of  all  the  available  material.  None  but  those  in 
closest  sympathy  with  agricultural  and  mechanical  education 
was  considered.  It  is  gratifying  to  state  that  the  results 
have  proved  entirely  satisfactory.  Prof.  B.  C.  Buflfum  was 
called  to  the  chair  of  agriculture,  so  long  occupied  by  Prof. 
W.  W.  Cooke.  Prof.  Buflfum  was  vice-director  of  the  station 
and  agriculturist  in  the  Wyoming  University  for  nine  years. 
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Prof.  Wendell  Paddock,  an  alumnus  of  the  Agricultural  Col- 
lege of  Michigan  and  eight  years  assistant  horticulturist  at 
Geneva,  New  York,  was  called  to  succeed  Prof.  C.  S.  Cran- 
dall  as  botanist  and  horticulturist.  Miss  Virginia  B..  Cor- 
bett,  a  graduate  of  the  State  Agricultural  College  of  Iowa, 
was  called  to  the  chair  of  history  and  literature.  Miss  Cor- 
bett  held  a  similar  position  in  Iowa  and  Montana.  Mr.  James 
A.  Stump  succeeds  Mr.  Jay  D.  Stannard  as  first  assistant  in 
the  department  of  civil  engineering.  Mr.  C.  J.  Griffith,  of  the 
Iowa  State  College,  has  been  called  as  assistant  in  dairying 
to  Mr.  Buflfum. 

Two  successes  in  particular  mark  the  year  1899,  viz.: 
the  increased  service  and  efficiency  of  the  experiment  station, 
under  the  directorship  of  Prof.  L.  G.  Carpenter,  and  the  re- 
vival of  the  interest  in  farmers'  institutes  throughout  the 
state.  Still  better  things  are  to  be  done  in  the  line  of  institute 
work  during  the  coming  season. 

The  experiment  station  has  added  largely  to  its  mailing 
list ;  has  put  itself  in  touch  with  similar  work  throughout  the 
world,  and  has  taken  an  exalted  place  among  the  experiment 
stations  of  the  nation.    It  sees  its  unparalleled  opportunity. 

Under  the  leadership  of  Prof.  B.  C.  BuflEum,  the  agricul- 
tural side  of  the  college  is  receiving  the  attention  due  it.  The 
board  and  faculty  have  a  fixed  purpose  to  make  this  depart- 
ment increasingly  the  most  important  department  of  the  col- 
lege. The  agricultural  department  has  been  reinstated  in  its 
own  building,  the  Agricultural  Hall.  The  building  has  been 
renovated,  beautified  and  made  ready  for  increased  work. 

•The  stock  yards  are  being  rebuilt  upon  modern  plans. 

The  fine  herd  of  Durham  cattle  purchased  last  spring  is 
but  the  beginning  of  a  larger  education  in  the  stock  enter- 
prise for  the  promotion  of  the  stock  industry  of  the  state. 

Last  year  the  college  buildings  were  repainted  and  put 
in  general  repair.  This  year  general  improvements  are  being 
made  upon  and  aroiftid  the  grounds.  Much  needed  stone 
walks  are  being  laid,  fences  are  being  builded,  and  .the  drives 
about  the  buildings  are  being  graveled. 

Not  one  dollar,  however,  has  been  or  is  being  expended, 
except  as  it  is  absolutely  needed  for  the  preservation  of  prop- 
erty and  the  comfort  of  teachers  and  students. 
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Much  of  the  excellent  spirit  of  the  school  is  due  to  the 
sympathy  controlling  the  collie  athletics.  No  innovations 
have  been  introduced. .  An  honest  effort  has  been  made  to 
have  the  Colorado  Agricultural  College  a  modern  school  in 
method;  work  and  spirit. 

A  fruitless  orchard — ^long  condemned  by  the  State  Board 
of  Agriculture  and  a  standing  shame  to  all  those  connected 
with  the  school — ^was  ordered  removed  by  the  board.  This 
has  been  easily  converted  into  an  athletic  field.  It  is  one  of 
the  best  in  the  West.  Here,  with  the  same  honor,  obedience 
and  spirit  with  which  all  college  work  is  done,  young  men, 
under  faculty  control,  take  such  physical  exercise  aa  health, 
hard  study  and  modern  collie  ideas  admit 

Aside  from  the  requirements  of  athletics,  such  a  field  was 
absolutely  necessary  for  drilling  puri>oses.  On  account  of 
this  advantage,  the  instructor  in  military  tactics  has  been 
able  to  put  his  battalion  in  such  condition  as  to  make  it  the 
pride  of  the  state. 

I  desire  to  recommend  as  an  experiment  a  series  of  short 
courses  along  special  lines,  such  as  dairying,  beekeeping, 
poultry  raising,  irrigation  and  measurement  of  water  for 
ditch  riders  and  water  commissioners. 

By  close  economy  the  State  Board  of  Agriculture  has 
kept  the  college  running  during  the  past  year  without  special 
appropriations  and  without  incurring  any  indebtedness.  But 
so  rapidly  are  the  agricultural,  horticultural  and  stock  inter- 
ests of  the  state  growing  that  as  soon  as  possible  special  ap- 
propriations should  be  voted  by  the  legislature  for  at  least 
one  new  building,  for  a  better  equipment  for  the  civil  engi- 
neering department,  and  for  a  barn  adequate  to  the  needs  of 
a  great  school  in  a  great  state.  I  think  for  the  present  need 
110,000  would  give  us  adequate  accommodation  for  our  valu- 
able and  increasing  herds  and  an  increase  of  our  fund  for 
student  labor.  A  small  appropriation  for  the  extension  of 
farmers'  institutes  in  the  state  would  be  an  exceedingly  wise 
and  timely  action. 

Neither  the  library  nor  museum  is  properly  housed.  The 
auditorium  is  too  small  for  the  number  of  students  enrolled. 

The  board  and  faculty  ask  merely  that  as  the  state  grows 
in  numbers,  wealth  and  industries,  its  educational  institu- 
tions be  permitted  to  grow  in  the  same  ratio. 
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NAMES     OF     INSTRUCTORS     AND     REGULAR     EM- 
PLOYES, WITH  THEIR  ANNUAL  SALARIES. 


ALSO  A  STATEMENT  OF  THE  FUND  OH  FUNDS  WHENCE  SUCH  SALARIES 

ARE  DRAWN. 


College   Station 
FACULTY.  p^ina.       Pund. 

BARTON  O.  AYLBS WORTH,  A.  M.,  LL.D.,  president  and  pro- 
fessor of  logic  and  political  economy $  6,000  

JAMBS    W.     LAWRENCB,    B.    S.,     professor    of    mechanical 

engineering  2,000  

LOUIS  G.  CARPENTER,  M.  S.,  professor  of  civil  and  irrigation 

engineering  2,000  $     900 

CLARENCE  P.  QILLETTE,  M.  S.,   professor  of    zoology    and 

entomology   1,500  500" 

WILLIAM  P.  HEADDEN,  A.  M.,  Ph.D.,  professor  of  chemistry 

and    geology v 1,500  500 

THEODOSIA  O.  AMMONS,  professor  of  domestic  science 1,600  

EDWARD  B.  HOUSE,  B.  S.,  E.  E.,  professor  of  mathematics....    1,600  

EDWARD  M.  TRABER.  A.  B.,  professor  of  rhetoric  and  phi- 
losophy        1,600  

ALFRED  M.  HA WLEY,  secretary  of  the  faculty 1,000  500 

CHARLES  J.  GILKISON,  B.  S.,  principal  commercial  depart- 
ment      1,500  

BURT  C.  BUFFUM,  M.  S.,  professor  of  agriculture 1,600  600 

VIRGINIA  H.  CORBETT,  B.  L.,  professor  of  history  and  liter- 
ature      1,600  

WENDELL  PADDOCK,  M.  S.,  professor  of  botany  and  horti- 
culture      1,500  600 

RICHARD  A.  MAXFIELD,  B.  S.,  major  cadet  battalion,  profes- 
sor military  science  and  tactics,  and  assistant  in  mathematics      700  


STENOGRAPHERS. 

FRANK  H.  THOMPSON,  B.  S 1,000 

WILLIAM  R.  HEADDEN,  B.  S 


LIBRARIAN. 
MARGUERITE  E.  STRATTON,  B.  S 700 
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ASSISTANTS. 

JAMES  A.-  STUMP,  B.  S.,  physics  and  civil  engineering 1,000 

ROBERT  K  TRIMBLE,  B.  S.,  meteorology  and  irrigation  en- 
gineering    

L.  D.  GRAIN,  B.  M.  E.,  mechanical  engineering  and  drawing 1,000 

ALLEN  P.  GREENACRB.  B.  S.,  forge  room  work 000 

WILLIAM  F.  QARBE,  foundry  practice 720 

FRANK  L.  WATROUS,  agriculture 

EDWARD  S.  G.  TITUS.  B.  S..  entomology 204 

CARL.  H.  POTTER,  M.  S.,  botany  and  horUculture 400 

CHARLES  F.  MERGELMAN,  floriculture  and  landscape  gar- 
dening   .* 900 

LOUIS  A.  TEST,  B.  M.  E.,  A.  C,  chemistry >      000 

FRED  ALFORD 

JOSEPH  LOWNES,  B.  S.,  chemistry 

LATHROP  M.  TAYLOR,  B.  S.,  stenography  and  typewriting....    1,000 

CHARLES  G.  DWTRE,  JR.,  bookkeeping '760 

SARAH  T.  SUTHERLAND,  domestic  science 760 

RALPH  H.  HESS,  B.  S.,  mathemaUcs 760 

AMOS  JONES,  B.  S.,  field  work  in  engineering 000 

.C.  J.  GRIFFITH,  B.  S.,  dairying 800 


College   Station 
Fund.      Fund. 


1,000 


1,000 
896 


400 
600 
000 


SUB-STATION  SUPERINTENDENTS. 
HARVEY  H.  GRIFFIN,  B.  S.,  Arkansas  valley,  Rocky  Ford, 

Colorado  

J.  E.  PAYNE,  M.  S.,  rainbelt,  Cheyenne  Wells,  Colorado 


900 
800 


ENGINEERS  AND  JANITORS. 

WILLIAM   KELLY 

JOHN  H.   CAMERON 

JAMES  L.  VEAZEY 

ISAAC  N.  CHATFIELD 


780 
600 
000 
600 


LABORERS  REGULARLY  EMPLOYED. 

J.  H.  CAMERON,   JR 

ALVIN  FRY 

FRANK  MATTHEWS 

N.  C.  STRAYER 

ROBERT    WALKER *..... 


540 
640 
540 
540 
480 


Total 141.294 


110,296 
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CoUeere  Station 

GENERAL.                                     Fund.  Fund, 

Station   labor $2,436 

College   labor $     &25  

Student  labor 1,771  

Total $2,296  $2,436 


SUMMARY. 

Salaries  ^. $41,294  $10,296 

Labor    2.296  2,436 

Grand  total $43,590  $12,732 


SUMMARY  OF  COLLEGE  INVENTORIES. 

NOVEMBER  30,"  1900. 


LANDS  AND  ADJUNCTS. 
Two  hundred  and  forty   (240)  acres  of  land  at  an  average 

value  of  $100  per  acre $  24,000  00 

•Trunk  sewer  to  Poudre  river 6,000  00 

Pipe  line  for  water  supply 2,900  00 


$  32.900  00 


BUILDINGS,  INCLUDING  PERMANENT  FIXTURES. 

Main  college  building $  36,000  00 

Mechanical  engineering  building 23,000  00 

Agricultural  hall  and  creamery 10,500  00 

Horticultural  hall 15,100  00 

Civil  engineering  building 9,000  00 

Commercial   college  building 6,000  00 

Chemical  laboratory 27,000  00 

Building  for  department  domestic  science 4,660  00 


•This  estimate  includes  numerous  sewer  laterals  and  water  connectlon.s : 
a  reservoir  for  storage  of  water;  all  other  improvements  of  the  college  grounds, 
and  ditch  stock  worth  $2,000. 
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BUILDINGS,    INCLUDING  PERMANENT   PIXTURES-ConUnued. 

Green  houses  (18,000)  and  forcing  house  (11,500) 4,600  00 

Bams,  tool  house  and  sheds  on  horticultural  grounds 2,299  00 

Barn  on  college  farm 4,000  00 

Sheep  barn  and  paddocks  (1600),  implement  house  and  shed 
(1460),  pig  pens  (1300),  otfier  stock  pens  (1350),  root  cellar 

and  silo  ($260),  fencing  (11,450)  on  college  farm 3,400  00 

Farm    dwelling   house 2,700  00 

Depot,  hose  house  and  apiary 700  00 

^             1148,840  00 
Grand  total 1181,749  00 

DEPARTMENT  INVENTORIES. 

History  and  literature $      408  60 

Rhetoric  and  philosophy 869  94 

Mathematics  682  80 

Military  science  and  tactics 7,466  86 

Zoology  and  entomology 6,868  56 

Agriculture 9,492  63 

Botany  and  horticulture 6,673  02 

Engineering  and  physics U,267  44 

C!hemistry  3.827  76 

Domestic  science 1,280  60 

Commercial  department 2,133  92 

Mechanical  engineering  and  drawing 15,044  66 

$64.346  55 

MISCELLANEOUS. 

President's  office.  No.  1 2,577  20 

President's  office.  No.  2 2,057  60 

Secretary's  office 610  70 

Library   10,876  78 

$16,602  18 

Total  of  college  property $246,004  56 

Total  of  station  property 27,892  66 

Grand  total  of  all  property $273,987  20 
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INVENTORY. 


DIRECTOR'S  OFFICE. 

Office  flzlures  and  equipment I  420  80 

Stationery  supplies 197  00 

^alf  tones,  sine  etchincrs  and  photographs 200  00 

Bulletin  Ubrary 500  00 


I  1,817  90 


AGRICULTURAL.  SECTION. 

Implements  and  tools $      66.00 

Office  equipment  and  miscellaneous 388  00 

$     442  00 

ENTOMOLOGICAL   SECTION. 

Laboratory    supplies I  73  96 

Entomological  supplies 70  86 

Insecticides  and  insecticide  apparatus 86  06 

Apiary  162  10 

In  charge  (microscope,  etc.) 810  00 

I     692  96 
HORTICULTURAL   SECTION. 

Glassware  $       6  74 

Photographic  apparatus  and  supplies 84  96 

Instruments   , 43  00 

Trees  and  nursery  stock 294  10 

Herbarium  1,660  00 

Miscellaneous  1  26 

$1,990  04 
METEOROLOGICAL  AND  IRRIGATION  ENGINEERING  SECTION. 

Meteorological  instruments $    646  16 

Office  fixtures 84  00 

Stationery,  books,  maps,  etc 82  60 

Irrigation  and  hydraulic  apparatus 236  86 

Photographic  supplies  and  negatives 146  96 

Miscellaneous  146  31 

I  1,141  36 
Library  11.100  00 

Total  main  station $  6,684  26 
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ARKANSAS   VALLEY   SUB-STATION. 

Water  rights  and  apparatus $  1,836  00 

Fences,  gates  and  bridges 888  80 

Buildings  and  improvements * 2,010  00 

Live   stocJc 181  00 

Implements  and  tools 303  16 

Miscellaneous    64  60 

Farm  produce  on  hand 1,068  75 


%  5.881  70 


PLAINS  SUB-STATION. 

Buildings  and  Improvements $  930  00 

Two  horses 75  00 

Implements  127  95 

Apparatus  162  10 

Supplies  and  farm  products 73  60 


11.868  66 


SUB-STATION   AT   MONTE   VISTA. 

Buildings,  fencing,  etc $  1,497  00 

One  team  horses 150  00 

Windmill  and  appliances 160  00 

Farm   implements 82  16 


$1,879  15 


SUB-STATION   AT   THE   DIVIDE. 

Buildings  I     729  00 

Forty   acres   of  land 200  00 

I     929  00 

Total  sub-station  property $10,048  40 

Total  main  station  property 6,684  26 


Total  experiment  station  property $16,732  65 
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In  addition  the  station  has  the  use  and  control  of  other 
property  as  long  as  used  for  experiment  station  purposes,  as 
follows: 

160  acres  of  land  at  Cheyenne  Wells $    160  00 

800  acres  of  farm  and  fruit  land  at  Arkansas  val- 
ley sub-station 11,000  00 


$11.160  00 


I  submit  the  department  reports  herewith  for  the  year 
ended  December  12,  1900. 

BARTON  O.  AYLESWORTH, 

President. 
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REPORT  OF  THE  DEPARTMENT  OF  AGRICULTURE. 


To  THE  State  Board  op  Agriculture  : 

I  herewith  transmit  the  annual  report  of  the  department 
of  agriculture  to  the  State  Board  of  Agriculture  for  the  fiscal 
year  ending  December  1, 1900. 

The  relation  of  this  department  to  the  college  is  a  pecu- 
liarly close  one.  While  one  department  can  hardly  be  said 
to  be  more  important  than  another,  where  all  are  essential  to 
the  making  up  of  the  complete  organization,  yet  it  pleases 
me  to  think  of  the  agricultural  department  as  the  mainstay 
of  the  college;  as  the  principal  reason,  if  you  will,  of  our  ex- 
isting as  an  institution.  The  history  of  agriculture  in  the 
college  since  its  inception  would  be  interesting.  During  the 
first  decade  Prof.  A.  E.  Blount,  filling  the  chair,  was  the  man 
who  brought  this  phase  of  the  work  into  prominence,  who 
gave  the  department  an  enviable  reputation  which  was  world- 
wide, who  left  his  stamp  upon  the  agriculture  of  the  state  in 
the  valuable  wheats  which  he  originated,  whose  painstaking 
care  and  whole-hearted  interest  left  a  lasting  influence  on  the 
students  who  were  near  to  him.  Then  came  Prof.  W.  J. 
Quick,  who  laid  out  the  farm,  with  its  present  system  of 
drives,  introduced  fine  stock  with  the  first  noted  Shorthorn 
cattle,  and  secured  the  erection  of  present  Agricultural  Hall 
and  farm  cottage.  For  the  past  seven  years  the  chair  has  been 
filled  by  Prof.  W.  W.  Cooke,  who,  among  other  things,  estab- 
lished a  dairy  herd  of  Jerseys,  and  the  present  equipment  for 
teaching  dairying  to  the  continually  increasing  number  of 
students  who  are  interested  in  this  branch  of  husbandry. 

Since  September  1  of  the  present  year  the  time  has  been 
too  short  to  enable  your  present  incumbent  to  report  very 
much  work  accomplished  or  to  give  an  adequate  idea  of  the 
facilities  for  teaching  and  the  rare  opportunity  offered  the 
student  for  up-to-date  instruction  in  the  science  and  art  of 
agriculture  as  applied  to  the  peculiar  conditions  of  the  irri- 
gated West.  Through  the  present  awakening  in  agriculture 
and  the  determination  of  President  Avlesworth  to  make  and 
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keep  this  institution  second  to  none  other  of  its  kind,  and  the 
careful  management  of  the  board,  there  is  a  most  healthy 
growth  and  improvement.  While  the  student  of  the  past  has 
had  most  wholesome  food,  the  student  of  the  coming  years 
will  find  better  material  and  facilities  than  ever  before. 

Equipment — The  college  farm,  with  its  equipment  of 
lands,  machinery  and  live  stock,  is  all  considered  laboratory 
material  for  the  student.  Along  with  the  theory,  given  by  the 
lecture  and  the  library,  goes  the  demonstration  of  the  art  in 
the  laboratory,  where  the  student  may  become  acquainted 
with  up-to-date  implements  and  machines,  with  soils  and 
crops,  with  breeds  of  live  stock  and  the  peculiar  merits  of 
individuals  in  each  breed.  The  inventories  of  November  1 
show  live  stock  on  the  farm  to  the  value  of  about  seven  thou- 
sand dollars.  During  the  coming  year  additional  breeds  will 
be  added.  The  farm  itself  presents  a  variety  of  conditions 
such  as  may  be  found  on  farms  in  different  parts  of  the  state. 
There  is  a  system  of  ditches  to  supply  water,  various  condi- 
tions of  slope  of  the  land  to  be  irrigated,  waste  land  which 
has  been  reclaimed  and  is  being  reclaimed  by  systems  of 
drainage,  alKali  lands  to  be  made  productive,  native  pasture 
tracts,  old  lake  bed  reclaimed  and  converted  into  meadow, 
alfalfa  fields  and  plowed  lands.  Connected  with  the  work  of 
the  farni  is  the  w^ork  of  the  experiment  station,  in  which  the 
student  has  opportunity  to  study  methods  and  purposes  of 
investigation. 

Classes  are  accommodated  in  the  classroom  in  Agricul- 
tural Hall,  and  students  have  free  access  to  the  department 
library,  which  has  been  placed  in  the  same  building.  A  com- 
bined office  and  reading  room  affords  students  a  place  where 
it  is  profitable  to  spend  their  spare  hours.  Here,  also,  is  the 
laboratory  for  dairy  work,  with  equipment  for  testing  milk, 
separating  and  handling  milk  and  cream  and  making  butter. 
Adjoining  the  office  is  a  convenient  dark  room  for  photo- 
graphic work.  The  photographing  done  so  far  has  beetf  prin- 
cipally of  live  stock  for  illustrating  and  as  matter  of  record. 
As  fast  as  possible  illustrations  will  be  made  for  class  in- 
struction. 

Assistants — Until  recently  there  has  been  but  one  assist- 
ant. On  October  1,  Mr.  C.  J.  Griffith  was  employed  as  assist- 
ant in  dairying  and  animal  husbandry.  Mr.  Griffith  is  a 
graduate  of  the  Iowa  Agricultural  College,  where  he  was  as- 
sistant in  dairying  for  one  year  before  coming  to  us.    He  has 
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won  several  prizes  on  butter  in  exhibitions,  is  thoroughly  ac- 
quainted with  live  stock,  and  is  an  investigator  along  these 
lines.  Moreover,  he  has  proved  to  be  a  strong  teacher,  leading 
and  enthusing  the  student.  Mr.  Griffith  aids  in  teaching 
dairying,  the  breeds  of  live  stock,  and  judging. 

Mr.  Frank  Watrous  is  the  experiment  station  assistant. 
Not  only  has  he  successfully  carried  on  this  part  of  the  work, 
but  he  has  had  general  management  of  the  farm  for  many 
years.  On  account  of  being  actively  engaged  in  farming  and 
stock  raising  for  himself,  he  has  resigned  the  assistantship, 
to  take  effect  January  1,  1901.  This  necessitates  the  selec- 
tion of  a  new  man  for  the  place,  and  I  would  suggest  the  ad- 
visability of  separating  the  general  farm  management  from 
the  list  of  duties  of  the  station  assistant.  In  a  place  of  this 
kind  so  many  investigations  are  going  on,  requiring  detailed 
management  and  continual  oversight,  the  taking  of  scientific 
notes,  which  must  be  systematically  arranged  and  properly 
recorded,  along  with  the  many  duties  of  such  an  assistant, 
that  he  cannot  properly  manage  a  large  farm  and  do  the  more 
technical  work  at  the  same  time. 

Work  Done — During  the  fall  term  my  classroom  work 
consisted  of  a  freshman  class  in  beginning  agriculture,  in 
which  thirty-one  students  were  enrolled;  a  junior  class  in 
stock  feeding,  containing  seven  students,  and  a  senior  class 
of  three  students  in  dairying.  The  class  in  dairying  had  one 
hour  class  work  in  the  morning  through  the  term  and  two 
hours  laboratory  work  in  the  afternoon  during  the  first  two- 
fifths  of  the  term.  This  class  was  taken  by  Mr.  Griffith  after 
the  beginning  of  October.  The  text  book  in  beginning  agri- 
culture was  changed  this  year,  Bailey's  "Principles  of  Agri- 
culture" now  being  used.  In  addition  to  the  text  each  mem- 
ber of  the  class  was  required  to  keep  a  note  book,  in  which 
was  recorded  various  additions  and  observations.  The  sub- 
ject is  presented  in  the  form  of  a  nature  study  in  agriculture, 
taking  up  the  first  principles,  different  branches  of  agricul- 
ture, soils,  tillage,  seedage  and  propagation,  soil  fertility  and 
rotation  and  elements  of  stock  raising  and  feeding.  The  text 
book  used  by  the  class  in  stock  feeding  was  also  changed, 
adopting  Henry's  "Feeds  and  Feeding."  It  is  impossible  to 
cover  so  large  a  book  in  one  term,  so  the  student  was  given 
the  principles  of  feeding,  digestion  and  digestion  experiments, 
different  classes  of  foods,  feeding  standards  and  the  compu- 
tations of  farm  rations.     The  members  of  the  class,  without 
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exception,  voluntarily  took  up  the  extra  work  of  carrying  out 
a  feeding  experiment.  Because  of  their  quick  maturity,  the 
present  interest  in  raising  them  and  the  fact  that  feeding 
these  animals  has  never  been  systematically  investigated, 
Belgian  hares  were  selected  for  the  experiment.  Twenty- 
seven  rabbits  were  diveded  into  lots,  and  nine  different  ra- 
tions fed  for  a  period  of  five  weeks.  The  experiment  was  care- 
ful ly  and  conscientiously  carried  out  by  every  student,  who 
kept  a  complete  note  book  of  the  trial.  At  the  close  of  the 
experiment  the  animals  were  all  slaughtered  and  examined, 
and  a  series  of  photographs  made  to  show  the  comparative 
effect  on  the  body  of  the  different  foods.  I  have  recommended 
its  publication  by  the  station. 

The  senior  class  in  dairying  used  as  text  books  Gurler's 
"American  Dairying;"  Farrington  and  WoU,  "Testing  Milk," 
and  Wing's  "Milk  and  its  Products."  The  last  part  of  the 
term  Mr.  Griffith  also  gave  them  a  series  of  lectures  on  the 
principles  of  cheese  making.  Teaching  these  classes  has  been 
doubly  pleasant,  because  of  the  earnestness  and  interest  of 
the  students,  who  have  not  only  put  in  the  required  time,  but 
all  the  extra  time  they  could  spare.  If  found  feasible,  I 
would  recommend  such  rearrangement  and  adjustment  of  the 
course  that  agricultural  students  are  able  to  take  laboratory 
work  in  agriculture  two  hours  per  day  for  at  least  one  year, 
including  the  dairying,  and  that  all  agricultural  students  be 
given  the  principles  of  chemistry  at  least  as  early  as  the 
sophomore  year. 

In  addition  to  the  teaching,  some  station  work  has  been 
in  progress,  with  grains  and  feeding,  and  some  general  im- 
provements have  been  made  in  the  department.  The  Agri- 
cultural Hall  was  thoroughly  renovated  inside  and  out,  and 
many  improvements  have  been  and  are  still  under  way  on 
the  farm.  The  greatest  need  of  the  department  is  more  stable 
room  for  the  fine  stock  on  hand  and  a  greater  variety  of  the 
standard  breeds.  We  should  have  an  up-to-date  stock  barn, 
with  all  modern  improvements.  Colorado  has  always  been 
proud  to  offer  her  youth  every  educational  facility  in  her  state 
institutions.  There  has  been  such  activity  in  other  states  in 
building  up  the  agricultural  departments  in  their  colleges 
that  if  Colorado  would  continue  to  lead  the  states  in  the 
inter-mountain  region,  the  coming  session  of  the  legislature 
must  come  to  the  support  of  this  department.  This  is  a  mat- 
ter in  which  every  farmer  of  the  state  should  take  interest 
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and  pride.  The  large  influx  of  students  shows  their  confi- 
dence and  faith,  and  an  understanding  of  our  needs,  compared 
with  the  needs  and  provisions  to  meet  them  in  other  states, 
would  secure  that  small  support  which  would  put  us  many 
steps  in  advance  of  our  present  condition.  The  present  man- 
agement is  doing  everything  possible  to  maintain  a  high 
standard  of  excellence  and  develop  that  side  of  the  institu- 
tion which  is  of  greatest  value  to  our  agricultural  interests. 
For  several  years  such  support  was  withheld  from  the  agri- 
cultural department,  so  it  has  not  shown  the  growth  it  should. 
I  wish  to  thank  those  who  are  co-operating  in  a  renewed 
effort  to  build  up  this  important  work. 

Eespectfully  submitted, 

B.  C.  BUFFUM, 
Professor  of  Agriculture. 

December  12, 1900. 
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EEPORT  OF  THE  DEPARTMENT  OP  CIVIL  AND  IRRI- 
GATION ENGINEERING. 


To  THE  STATp  Board  of  Agriculture  : 

I  have  the  honor  to  present  the  report  of  this  department 
for  the  year  since  your  last  annual  meeting. 

The  classes  in  this  department  are  the  same  as  have  been 
carried  on  for  some  years  past.  These  include  physics,  for 
three  terms  in  the  sophomore  and  junior  years;  surveying,  in 
the  third  term  of  the  sophomore  year ;  irrigation  engineering ; 
higher  surveying,  draughting,  in  the  junior  and  senior  years 
of  the  engineering  course;  meteorology  for  one-half  term, 
sonie  juniors  and  some  seniors ;  reservoirs  and  dams,  a  course 
of  lectures  to  the  seniors;  strength  of  materials,  to  the  seniors 
of  both  engineering  courses;  trusses  and  bridges;  and  hydrau- 
lics. These  constitute  the  classroom  work  of  the  forenoon. 
In  addition  there  is  a  large  amount  of  laboratory  work.  It 
is  often  the  case  that  some  of  the  classes  have  to  be  divided 
into  two  or  more  sections  for  laboratory  practice.  In  scien- 
tific instruction,  especially  that  in  the  laboratories,  six  to  ten 
students  aie  as  many  as  one  instructor  can  profitably  in- 
struct at  one  time.  The  classes  in  laboratory  work  include 
those  in  physical  laboratory  (in  two  or  three  sections)  for 
each  of  the  three  terms  of  the  year ;  in  surveying,  the  sopho- 
mores for  one-half  term,  the  juniors  in  field  work  during  the 
winter  term,  and  the  seniors  in  field  work  during  the  fall 
term;  and  the  senior  class  of  both  engineering  courses  in 
testing  materials  for  two-fifths  of  the  winter  term. 

There  has  been  a  distinct  improvement  during  the  past 
year  in  the  work  done  by  the  students. 

The  principal  change  which  has  been  instituted  during 
the  past  season  has  been  in  the  field  work.  In  a  previous  re- 
port attention  has  been  called  to  the  need  of  more  extended 
field  practice  for  the  engineering  students,  and  the  advisabil- 
ity of  camping  trips  for  that  purpose  has  been  urged.  It  was 
pointed  out  that  such  instruction  could  be  made  more  effect- 
ive and  serious,  and  greater  in  quantity  and  value,  if  the  time 
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continuously  devoted  to  instruction  were  longer^  and  the  con- 
ditions more  like  those  which  would  come  up  in  practice. 
In  the  fall  term  a  trial  was  made,  with  the  consent  of  Presi- 
dent Aylesworth.  Both  the  juniors  and  seniors  in  the  engi- 
neering course  were  allowed  two  weeks,  which  time  was  de- 
voted to  a  trip  to  the  mountains.  The  party  moved  at  once 
to  an  elevation  of  more  than  9,000  feet  to  a  good  camping 
spot,  adjacent  to  fairly  smooth  and  to  exceedingly  rough 
country.  The  site  chosen  was  near  the  foot  of  Long's  "peak. 
Lines  were  run  by  different  members  of  t^ie  party,  both  by 
transit  and  level,  up  the  flanks  of  the  peak,  and  were  carried 
from  an  elevation  of  less  than  8,000  feet  up  to  an  elevation 
of  12,000  feet.  The  students  bore  the  expense  involved  in 
sustenance  and  transportation ;  the  cost  being  but  little  more 
than  would  have  been  involved  in  remaining  in  town.  The 
college  was  at  the  expense  of  the  permanent  outfit,  and  also 
arranged  for  the  tents  alid  cooking  utensils.  The  result  of 
the  expedition  was  extremely  valuable,  and  justifies  making 
this  a  permanent  feature  of  the  course  for  the  students  in 
engineering.  It  will  doubtless  be  better  to  make  the  trip 
earlier  in  the  term  than  was  done  the  past  season.  It  will  be 
possible  in  future  years,  as  it  will  then  be  known  in  advance 
that  such  a  trip  will  be  taken. 

HYDRAULIC  AND  ENGINEERING  BUILDING. 

At  the  June  meeting  reference  was  made  to  the  need  of 
certain  hydraulic  apparatus  and  a  new  building,  and  author- 
ity was  given  for  the  construction  of  a  flume  for  rating  me- 
ters. A  recommendation  was  also  made  looking  toward  a 
building  for  that  purpose.  In  case  such  a  building  is  possible 
the  rating  flume  should  be  connected  with  it.  In  view  of 
that  possibility  the  construction  of  the  flume  was  postponed. 
An  examination  of  the  building  now  occupied  will  show  that 
the  department  has  outgrown  its  quarters.  The  building, 
which  was  originally  built  for  a  dormitory,  has  been  of  great 
use,  but  the  pressure  for  more  room  has  been  felt  for  some 
years.  As  the  needs  of  other  departments  were  recognized 
as  being  greater  than  ours,  the  matter  has  not  been  urged. 
At  present,  however,  it  seems  not  unreasonable  to  urge  the 
claims  of  this  department  upon  the  board.  It  is  proper  to 
say  that  on  account  of  the  small  room  it  has  not  been  pos- 
sible to  give  systematic  laboratory  work  either  in  hydraulics 
or  in  engineering.    In  some  respects  this  has  been  compen- 
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sated  by  exceptional  opportunities  in  the  neighborhood,  but 
such  opportunities  do  not  take  the  place  of  a  laboratory  for 
such  instruction,  especially  in  the  elementary  work.  More- 
over, when  this  building  was  assigned,  the  department  was* 
better  situated  than  the  corresponding  ones  in  our  neighbor- 
ing colleges.  This  is  not  now  the  case.  The  importance  of 
irrigation  at  present  and  in  the  future  in  this  state  justifies 
that  special  facilities  be  given  along  this  line. 

LABORATORY  INSTRUCTION  IN  THE  EAST. 

The  attendance  at  the  Association  of  American  Agricul- 
tural Colleges  and  Experiment  Stations,  at  New  Haven,  was 
made  the  opportunity  to  visit  the  hydraulic  laboratories  of 
many  of  the  institutions  which  are  now  giving  instruction 
along  this  line.  There  are  now  some  excellent  laboratories 
of  this  kind.  Those  of  the  Massachusetts  Institute  of  Tech- 
nology, the  Worcester  Technological  Institute,  of  the  pro- 
prietors of  locks  and  canals  at  Lowell,  Mass.,  and  Cornell 
University  were  visited. 

The  collegiate  institutions  have  a  double  purpose — the 
instruction  of  the  student  and  investigation,  which  is  looked 
on  as  an  important  function  of  a  university.  Accordingly, 
there  is  sometimes,  as  at  Worcester  and  Cornell,  a  double 
plant — one  for  the  instruction  of  undergraduate  students; 
the  other  for  mature  students  or  postgraduates,  or  mayhap 
for  important  investigations.  At  Lowell  the  conditions,  which 
arise  from  the  necessity  of  dividing  a  varying  quantity  of 
water,  have  developed  the  necessity  of  experiments  which,  in 
their  completeness  and  refinement,  have  become  classical. 

Cornell  University,  on  a  commanding  place  on  the  banks 
of  Cayuga  Lake,  has  utilized  a  deep  gorge  in  the  campus  by 
building  a  dam  and  erecting  a  stone  structure  with  elaborate 
accessories,  so  that  the  institution  expects  not  only  to  aid 
serious  investigators,  but  to  be  the  site  for  investigations 
needed  by  the  hydraulic  interests  of  the  state.  With  them, 
the  questions  largely  pertain  to  navigation  canals,  water 
works  and  sewage  systems  for  towns,  etc. 

Without  describing  these  systems  at  this  time,  the  sug- 
gestive lesson  derived  from  them  is  the  importance  of  adapt- 
ing such  work  to  the  conditions.  The  Cornell  hydraulic  lab- 
oratory, important  as  it  is,  nor  one  on  the  same  plan,  is  not 
adapted  to  settle  our  questions,  which  grow  from  the  con- 
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neetion  here  of  hydraulics  with  irrigation.  Some  institution 
so  prepared  as  to  take  up  the  question  on  a  suitable  scale 
could  be  of  great  service  to  the  West. 

A  SHORT  COURSE  FOR  CANAL  SUPERINTENDENTS,  WATER  COMMIS- 
SIONERS, ETC. 

The  usefulness  of  short  courses  in  their  particular  field 
has  been  shown  by  the  experience  of  various  agricultural 
colleges  which  have  attempted  to  be  more  directly  useful.  A 
study  of  them  seems  to  show  that  those  which  have  attempted 
to  meet  a  particular  need  have  been  the  most  successful. 

One  of  the  lines  in  which  it  appears  that  we  may  be  of 
considerable  service  is  to  present  a  short  course  for  water 
commissioners,  canal  superintendents,  and  those  charged 
with  the  distribution  of  water.  These  officers  aflfect  the  in- 
terests of  every  one  who  uses  water  in  the  state.  Upon  their 
knowledge  and  skill  depends,  to  a  great  extent,  the  agricul- 
tural production  of  the  state.  While,  fortunately,  there  are  a 
great  many  able  and  skilled  men,  in  many  cases  the  charac- 
ter of  their  knowledge  is  such  that  the  division  of  water  is 
not  correct.  As  the  writer  has  elsewhere  pointed  out,  if  one 
person  receives  too  much,  another  receives  less  than  he  is 
entitled  to.  Thus  an  improvement  will  be  immediately  ef- 
fective in  the  justness  of  the  distribution.  It  should  be  the 
aim  of  such  a  course  to  be  of  immediate  application. 

The  water  commissioners  who  are  charged  with  the  dis- 
tribution of  water  from  the  streams  of  the  state  to  the  ditches, 
and  the  canal  superintendents  or  patrolmen  charged  with  the 
distribution  from  the  ditch  to  consumers,  have  clearly  related 
needs. 

I  am  led  to  the  conviction  that  the  most  effective 
way  to  introduce  more  accurate  methods  will  be  by  training 
the  men  who  are  to  use  them.  Such  a  course  should  consist 
of  the  knowledge  needed  primarily  by  the  commissioners  and 
superintendents  in  their  duties — measurement  of  water  from 
streams  into  canals,  with  explanation  of  the  methods  and 
practice  in  use  of  current  meters;  a  discussion  of  the  vary- 
ing conditions,  what  to  expect  and  how  to  meet  them;  dis- 
cussion of  their  rights  and  their  legal  position.  In  this  con- 
nection it  would  be  desirable  to  secure  the  services  of  several 
of  the  successful  water  commissioners  and  canal  superin- 
tendents to  give  one  or  two  lectures  each,  based  on  their  ex- 
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perience  and  leading  to  a  conference.  For  the  legal  condi- 
tions, several  lectures  by  some  attorney  who  makes  a  specialty 
of  irrigation  law,  also  one  by  the  state  engineer,  and  doubt- 
less others,  as  the  plan  worked  out  in  detail,  if  the  plan  meets 
with  your  approval. 

Such  a  course  should  take  two  or  perhaps  three  weeks. 
A  small  fee  might  be  charged.  The  time  should  be  early 
enough  to  precede  the  irrigation  season.  Situated  as  we  are 
the  cost  would  be  small,  consisting  essentially  of  the  neces- 
sary printing  and  other  expenses,  and  perhaps  a  small  sum  to 
those  invited  to  lecture. 

Some  canal  companies  will  •doubtless  be  enough  inter- 
ested to  urge  their  superintendents  to  attend,  and  perhaps 
may  make  inducements  for  them  to  go.  If  the  state  engineer 
and  the  governor  use  their  influence,  there  will  be  enough, 
no  doubt,  to  warrant  its  success.  If  as  many  as  ten  or 
twenty  appear  the  first  year,  such  a  course  would  be  justified, 
if  we  can  make  it  of  an  extremely  practical  type. 

POSTGRADUATE  WORK. 

There  have  been  requests  from  time  to  time  for  post- 
graduate work  in  engineering,  and  several  have  applied  at 
different  times  to  take  work  of  this  character.  Besides  grad- 
uates of  our  own  institution,  we  have  had  graduates  of  the 
University  of  Minnesota  and  of  Harvard  College  for  special 
work.  Our  situation  is  extremely  favorable  for  development 
of  work  relating  to  the  irrigation  questions  of  the  West.  It 
is  a  question  whether  it  is  not  desirable  for  us  to  give  at  least 
a  year's  work,  outlined  for  our  own  graduates. 

There  has  been  no  claim  that  the  regular  course  should 
develop  qualified  civil  engineers.  The  attempt  has  been  to 
give  the  students  taking  that  course  as  good  a  training  as 
can  be  done  in  connection  with  their  more  literary  work.  If 
in  addition  to  that  a  year's  work,  confined  almost  exclusively 
to  the  technical  features  of  the  work,  could  be  given,  our 
young  men  would  be  better  qualified  in  the  technical  charac- 
ter of  engineering,  and  such  work  might  profitably  well  be 
undertaken. 

During  the  past  year  the  department  has  lost  the  ser- 
vices of  Mr.  Jay  D.  Stannard,  who  had  been  an  assistant  in 
the  department  since  November,  1891.  He  left  to  enter^upon 
work  in  the  United  States  department  of  agriculture  in*  their 
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irrigation  investigations.  During  his  connection  with  the 
department  he  was  recognized  as  an  efficient  and  able  in- 
strnctor. 

He  has  been  succeeded  by  Mr.  Jas.  A.  Stump^  a  graduate 
of  the  class  of  1899,  who  has  spent  some  time  in  special  study 
at  the  University  of  Chicago.  Mr.  Stump  gives  more  partic- 
ular attention  to  the  instruction  in  physics,  both  in  the  class- 
room and  in  the  laboratory,  and  elsewhere  as  first  assistant 
in  the  college  work  of  the  department.  His  work  in  the  fall 
term  has  been  highly  commendable.  Mr.  Amos  Jones  aided 
in  the  instructional  work  in  field  and  laboratory  in  the 
spring.  He  had  had  previous  experience  in  field  and.railroad 
engineering.  His  excellent  work  warranted  his  continuation 
in  more  responsible  work  as  assistant,  and  his  continued  good 
work  has  justified  his  choice. 

Mr.  R.  E.  Trimble,  while  employed  on  the  exi)eriment 
station,  has  helped  occasionally  in  teaching,  when  experi- 
nient  station  duties  may  have  required  the  time  of  the  head 
of  the  department.  Mr.  W.  R.  Headden,  stenographer  to  the 
station,  has  also  occasionally  assisted. 

The  department  is,  and  has  been,  fortunate  in  the  abil- 
ity, devotion  and  earnestness  of  its  assistants,  and  much  of 
what  it  accomplishes  is  due  to  their  efficient  support. 

In  conclusion,  I  wish  to  acknowledge  the  constant  sup- 
port and  appreciative  encouragement  of  President  Ayles- 
worth,  and  to  thank  the  board  for  their  continued  interest. 

Respectfully  submitted, 

L.  G.  CARPENTER, 

Professor  of  Engineering  and  Physics. 

December  12,  1900. 
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REPORT  OF  THE  DEPARTMENT  OP  BOTANY  AND 
HORTICULTURE. 


To  THE  State  Board  op  Agriculture  : 

The  department  of  botany  and  horticulture,  I  find,  after 
three  months'  connection  with  the  institution,  to  be  for  the 
most  part  well  organized  and  fairly  well  equipped.  The  work 
will,  then,  be  continued  along  the  same  lines  as  before,  being 
changed  only  as  improvements  are  suggested  and  the  devel- 
opment of  the  department  demands. 

In  order  to  help  make  the  agricultural  course  more  dis- 
tinctive and  the  department  more  popular  with  the  students, 
a  few  changes  in  the  course  of  instruction  may  be  suggested. 
As  now  arranged  an  undue  proportion  of  the  instruction  lis 
placed  in  the  first  term.  In  the  term  just  closed  instruction 
in  freshman  botany  was  given  to  seventy-two  students  in  two 
divisions;  horticulture  to  a  class  of  twenty-four  juniors; 
landscape  gardening  to  a  class  of  sixteen  juniors.  During 
the  fore  part  of  the  term  the  entire  freshman  class  was  pro- 
vided with  labor,  Iwo  hours  per  day,  and  during  the  latter 
part  of  the  term  the  class  in  horticulture  had  laboratory  work 
two  hours  per  day.  By  transferring  one  of  these  classes  to 
another  term  more  time  could  be  devoted  to  preparation,  thus 
making  better  instruction  possible. 

More  classes  in  both  horticulture  and  botany  should  be 
provided.  A  course  in  plant  diseases  should  be  given  as  an 
elective  for  the  agricultural  seniors,  and  the  course  in  plant 
histology  should  be  open  to  women.  A  term's  work  in  flori- 
culture would  also  be  valuable. 

In  this  connection  it  may  be  mentioned  that  the  method 
of  teaching  botany  entirely  from  living  specimens  has  been 
introduced  and  found  to  be  eminently  satisfactory.  With 
living  objects  before  them  the  curiosity  of  the  student  is 
aroused;  consequently,  the  learning  of  names  and  plant  re- 
lations becomes  a  pleasure. 

It  is  proposed  to  continue  the  laboratory  method  of 
teaching  throughout  the  course,  using  text  books  only  as 
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books  of  reference.  Should  the  number  of  classes  in  the  de- 
partment be  increased,  another  assistant  will  be  needed,  so 
that  the  professor  and  first  assistant  may  be  relieved  of  a 
part  of  the  routine  work,  and  further  equipment  in  the  way 
of  microscopes  and  accessories  will  be  necessary. 

A  few  things  that  are  most  needed  in  the  way  of  equip- 
ment may  be  mentioned.  There  were  but  few  books  in  the 
department  library  at  the  beginning  of  the  year.  One  small 
installment  has  been  purchased,  but  many  more  are  needed. 
Without  standard  works  of  reference  and  a  knowledge  of 
the  latest  achievements  in  science,  satisfactory  work  can  not 
be  done.  The  stereopticon  is  rendered  almost  useless  because 
of  an  unsatisfactory  light,  but  with  a  small  outlay  of  money 
it  can  be  made  very  efficient.  Some  means  of  illustrating  lec- 
tures is  considered  a  necessity  by  many  teachers.  This  is  es- 
pecially true  in  teaching  the  subject  of  landscape  gardening. 
The  camera  is  worn  out  and  must  be  replaced  before  satisfac- 
tory work  in  photography  can  be  done. 

Too  much  credit  can  not  be  given  to  Prof.  Crandall  for 
the  magnificent  herbarium  that  he  has  succeeded  in  build- 
ing up.  It  is  unfortunate,  however,  that  he  was  unable  to 
complete  the  work  and  publish  a  flora  of  the  state,  as  he  had 
intended.  Some  means  should  be  provided  for  completing 
the  work,  so  that  the  institution  may  have  something  to  show 
for  the  immense  amount  of  labor  that  has  been  put  upon  it. 

The  greenhouses  at  present  are  used  almost  exclusively 
for  the  propagation  of  bedding  plants,  which  are  planted 
upon  the  lawns  in  summer.  This  method  of  lawn  decoration 
is  not  only  very  expensive,  but  unsatisfactory.  Flowering 
shrubs  and  borders  of  perennial  flowering  plants  will  serve 
the  purpose  much  better,  and  when  once  placed  in  position 
they  require  comparatively  little  attention.  The  largest 
greenhouse  may  then  be  converted  into  a  conservatory, 
which  will  not  only  be  instructive,  but  attractive.  Winter 
vegetables  caii  be  grown  in  the  other  houses,  or  they  may  be 
used  in  various  ways  that  will  be  instructive  to  the  stu- 
dents. 

An  effort  has  been  made  to  have  some  of  the  successful 
fruit  growers  of  the  state  give  occasional  practical  talks  to 
the  class  in  horticulture.  Such  talks,  given  by  men  eminent 
in  their  profession,  will  be  an  inspiration  to  the  students, 
and  will  give  a  zest  to  the  study  that  is  not  easy  for  the  in- 
structor to  impart.  It  is  hoped  to  make  these  talks  an  im- 
portant feature  of  the  horticultural  instruction. 
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Since  the  work  of  the  experiment  station  is  so  intimately 
connected  with  the  college  work,  it  will  not  be  out  of  place 
to  mention  some  of  the  lines  of  experimental  work  that  have 
been  suggested  in  the  short  time  that  I  have  been  in  the  state. 
It  will  no  doubt  be  best  for  the  present  to  consider  those 
problems  only  which  are  of  immediate  practical  importance. 

The  state  is  so  large  and  so  varied  in  regard  to  altitude 
and  climate  that  it  may  be  divided,  horticulturally,  into  a 
number  of  distinct  regions.  These  regions  have,  to  some  ex- 
tent, developed  a  horticulture  peculiar  to  their  limits.  These 
regions  of  si)ecial  crops  and  special  varieties  will  undoubt- 
edly become  more  and  more  distinct.  Naturally,  one  of  the 
first  lines  of  work  that  come  to  mind  is  the  study  of  the  cul- 
tivated fruits  of  the  state.  Beginning  with  the  apple  as  the 
most  important,  it  is  the  intention  to  publish  an  illustrated 
bulletin,  giving  descriptions  and  general  information  on  the 
varieties  that  have  succeeded  best  in  each  region.  This  will 
be  followed  by  a  study  of  the  other  fruits  and  special  crops, 
as  time  permits. 

Aside  from  the  ravages  of  pear  blight,  the  fruit  growers 
have  thus  far  been  annoyed  but  little  with  plant  diseases; 
but  as  the  era  of  fruit  growing  is  being  rapidly  extended,  it 
is  to  be  expected  that  the  combatting  of  plant  diseases  will 
soon  come  to  be  an  important  factor  in  horticultural  opera* 
tions.  It  is  proposed  to  make  the  study  of  economic  fungi 
an  important  part  of  the  work  of  the  department.  Already 
there  come  to  us  strong  complaints  from  pea  growers  in  the 
vicinity  of  Longmont  of  an  obscure  disease  of  the  pea.  My 
assistant,  Mr.  Potter,  has  given  this  subject  some  attention, 
but  he  has  arrived  at  no  conclusion  as  to  the  caus6  of  the  mal- 
ady. He  believes  that  the  future  of  the  pea-canning  industry 
at  Longmont,  involving  some  2,500  acres,  is  threatened. 

The  attacks  of  pear  blight  make  the  growing  of  pears  in 
many  parts  of  Colorado  impossible  and  renders  the  business 
of  apple  growing  precarious.  There  is  no  known  method  of 
combatting  the  disease,  but  as  there  are  varieties  of  both 
fruits  that  are  less  susceptible  than  others,  it  is  reasonable 
to  suppose  that  wholly  resistant  varieties  may  be  produced. 
The  production  of  new  and  meritorious  varieties  is  a  long 
and  discouraging  process,  but  in  this  instance  the  importance 
of  the  industry  almost  necessitates  the  taking  up  of  this  line 
of  work. 

Immediately  associated  with  pear  blight  is  the  body 
blight  of  the  apple  and  pear  trees.     In  some  localities  the 
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disease  is  known  as  ^^crater''  blight,  and  is  thought  by  many 
to  be  caused  by  the  common  pear  blight.  I  have  already  done 
some  work  on  this  disease,  and  shall  publish  a  preliminary 
report  on  the  subject  through  the  New  York  state  experi- 
ment station.  A  practical  line  of  treatment  of  the  disease, 
as  it  occurs  on  pear  trees  in  that  state,  will  be  recommended. 
The  disease  ii^  worse' on  apple  trees  in  Colorado  than  it  is  in 
New  York.  I  have  not  as  yet  had  an  opportunity  to  examine 
any  pear  trees.  There  is  no  literature  on  this  subject,  though 
the  disease  is  widely  distributed. 

Celery  growers  are  troubled  with  the  premature  forma- 
tion of  seed  stalks  by  the  celery  plants,  and  the  formation  of 
hollow  or  pithy  stalks.  Either  condition  renders  the  plants 
unsalable.  Altitude  and  climate  are  thought  to  be  respon- 
sible for  these  conditions,  but  it  is  proposed  to  determine  if 
this  be  true.  Should  this  be  found  to  be  the  case,  an  effort 
will  be  made  to  originate  a  variety  of  celery  that  will  be 
adapted  to  these  conditions^ 

There  are  a  number  of  other  problems  that  have  come 
to  notice  which  are  worthy  of  study,  but  I  have  indicated 
enough  lines  of  work  to  show  that  there  is  much  to  be  done. 
Other  and  perhaps  more  important  subjects  for  investigation 
will  constantly  be  suggested  as  I  have  opportujiity  to  travel 
over  the  state  and  become  better  acquainted  with  the  condi- 
tions. 

Respectfully  submitted, 

WENDELL  PADDOCK, 
Professor  of  Botany  and  Horticulture, 

December  10,  1900. 
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REPORT  OP  THE  DEPARTMENT  OP  ZOOLOGY,  ENTO- 
MOLOGY AND  PHYSIOLOGY. 


To  THE  State  Board  of  Agriculture  : 

I  have  the  honor  to  submit  herewith  the  annual  report 
of  the  department  of  zoology,  «itomology  and  physiology  for 
the  year  1900. 

WORK  OF  INSTRUCTION. 

As  a  result  of  the  increased  number  of  students  in  the 
college  the  classes  have  been  somewhat  larger  than  in  former 
years,  and,  although  we  have  raised  somewhat  the  standard 
for  a  passing  grade,  I  have  never  had  a  smaller  percentage 
of  failure  in  my  classes.  This  indicates  a  better  average 
scholarship  on  the  part  of  the  students  that  come  to  us — an 
encouraging  condition  of  affairs  in  the  building  up  of  an  edu- 
cational institution. 

The  work  of  instruction  has  been  carried  out  in  accord- 
ance with  the  schedule  printed  in  the  college  catalogue. 
There  has  been  one  change  in  the  text  books  used,  Parker  & 
Haswell's  "Manual  of  Zoology"  being  adopted  in  place  of 
Orton's  "Zoology." 

INSTITUTE  WORK. 

Several  addresses  have  been  delivered  at  meetings  of 
horticulturists  and  beekeepers,  and  many  letters  of  inquiry 
concerning  injurious  insects  and  the  subject  of  beekeeping 
have  been  answered. 

MUSEUM. 

Good  additions  have  been  made  to  the  insect  collection 
during  the  year,  and  the  systematic  collection  is  in  much  bet- 
ter condition  than  ever  before.  The  entire  collection  of  Colo- 
rado coleoptera  has  passed  through  the  hands  of  Prof.  Wick- 
ham,  of  Iowa  University,  who  is  a  recognized  authority  in 
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that  order.  Mr.  Ball  has  made  large  additions  to  the  hemip- 
tera  and  done  much  to  put  the  group  in  order  for  reliable  ref- 
erence. Mr.  Titus,  in  connection  with  his  thesis  work  for  the 
master's  degree,  has  done  a  large  amount  of  good  work  on  the 
wild  bees  (family  Apidae)  and  has  added  many  species  to 
the  previous  college  collection.  The  writer  has  added  many 
species  of  Aphidae  (plant  lice)  to  the  collection,  with  many 
records  upon  their  habits. 

The  additions  to  the  museum  outside  of  the  insect  col- 
lection have  been  small.    They  are  as  follows : 

ADDITIONS  TO  MUSEUM,  1900. 


Spccimena 

Lynx  

Goldeneafle  

Nest  of  woodpecker 

StonedrUl 

Poesil  shell 

Aureliasp 

Jelly  fish 

8em  anemone 

Plume  hydroid 

Sffff-string,  whelk 

Quahogr  (shell) 

Vermes 

Jellyfish 

Squid 

Sparrow  hawk 

Pilipinobeans 

PUg,  United  States 

Hems  Rocky  Mountain  sheep 


Purchase  or  Gilt  Prom 

W.  C.  StoTer  (gift) 

E.  D.  Ball  (gift) 

Carlos  8tannard;(gift) 

H.  J.  Paulkner  (gift) 

n.  S.  G.Titus  (gift) 

Marine  biologicallaboratory 
Marine  biological  laboratory 
Marine  biological  laboratory 
Marine  biological  latx>ratory 
Marine  biological  laboratory 
Marine  biological  laboratory 
Marine  biological  laboratory 

C,  P.  Gillette  (gift) 

C.  P.  Gillette  (gift) 

P.  Nichohi  (gift) 

C.  P.  GUlette  (gift) 

Mrs.  A.  Washburn 

IX>AN8 

8.  W.  BufiTum 


Locality 

Running  Water,  Wyo. 

Port  Collins 

PortColUns 

Port  Collins 

Port  Collins 

Woods  HoU.  Mass 

Woods  HoU,  Mass 

Woods  HoU,  Mass 

Woods  Hon,  Mass 

Woods  Holl,  Mass 

Woods  Holl,  Mass 

Woods  Holl,  Mass 

Woods  Holl,  Mass 

Woods  Holl,  Mass 

Port  Collins 

Philippine  Islands 

Pirst  raised  in   Lari- 
mer county 


Num- 
ber 


12 


22 


Ipair 


C.  p.  GILLETTE, 
Professor  of  Zoology  and  Entomology. 

December  20,  1900. 
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REPORT  OP  THE  DEPARTMENT  OP  CHEMISTRY 
AND  GEOLOGY. 


To  THE  State  Board  of  Agriculture  : 

I  have  the  honor  to  present  a  statement  of  the  work  of 
the  icollege  department  of  chemistry  and  geology,  and  of  its 
present  condition  and  needs. 

The  amount  of  work  done  by  the  classes  in  these  studies 
has  conformed  strictly  to  the  requirements  laid  down  in  our 
catalogue.  The  methods  of  teaching  during  the  past  year 
have  been  varied  somewhat  from  those  of  previous  years,  in 
that  I  have  endeavored  to  present  the  subjects  by  means  of 
illustrated  lectures  in  chemistry,  and  by  the  use  of  the  cab- 
inet specimens  in  geology.  The  results  have,  in  my  opiniota, 
been  much  more  satisfactory  than  those  heretofore  obtained ; 
though  still  leaving  much  to  be  desired,  especially  from  the 
standpoint  of  the  teacher.  One  advantage  that  is  most  no- 
ticeable is  the  increase  in  interest  shown  on  the  part  of  the 
students,  which  is  more  than  adequate  compensation  for  the 
increased  work  which  this  method  entails  upon  the  instruc- 
tor. 

During  this  year  I  have  been  much  impressed  with  the 
idea  that  the  maintenance  of  the  interest  in  the  mixed  system 
of  instruction,  i.  e.,  text  book  and  lectures,  is  more  easily  at- 
tained by  placing  the  text  book  instruction  in  charge  of  a  com- 
petent teacher,  and  presenting  the  illustrated  lecture  work 
myself.  While  this  gives  a  variety  in  the  form  of  instruction, 
the  individuality  of  two  persons  is  brought  to  bear  upon  the 
classes  without  breaking  the  continuity  of  the  instruction 
in  the  least.  I  have  endeavored,  throughout  the  year,  to  make 
the  illustrative  lectures  cover  the  ground  which  has  been 
presented  by  means  of  the  text.  As  a  result  of  this,  at  the 
close  of  the  last  college  term  the  class  in  chemistry,  for  the 
first  time  since  my  connection  with  the  college,  now  seven 
years,  passed  a  satisfactory  examination  without  a  failure. 
The  successful  carrying  out  of  this  system  requires  more  time 
than  the  method  heretofore  followed,  and  also  more  material 
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and  apparatus,  with  which  we  are  gradually  supplying  the 
department  as  our  needs  arise. 

LABORATORY  WORK. 

We  have  made  no  changes  in  the  work  of  the  chemical 
laboratory  during  the  last  year,  having  found  that  the  method 
already  in  use  gave  us  satisfactory  results,  and  giving  us  the 
opportunity  to  fully  impress  the  objects  which  are  included 
in  the  scope  of  the  course  as  now  laid  out,  which  does  not 
aim  to  give  the  students  more  work  in  this  department  than 
is  necessary  to  supplement  the  work  which  is  done  in  the 
classroom  and  by  lectures.  In  short,  the  laboratory  work  is 
intended  to  be  a  repetition  of  the  work  done  in  the  class  and 
lecture  >  rooms,  in  such  manner  and  to  such  an  extent  only 
as  is  deemed  necessary  to  make  the  facts  already  presented 
evident  and  real  to  the  students. 

These  statements  will  suffice  to  make  plain  the  fact  that 
we  do  not,  at  the  present  time,  attempt  to  carry  the  instruc- 
tion in  chemistry  beyond  that  which  is  necessary  to  give  to 
the  students  the  general  principles  of  chemistry  which  are 
imperatively  demanded  for  the  carrying  but  of  a  general 
course  of  instruction.  It  has  been  my  opinion  for  two  years 
past  that  the  time  is  already  ripe  for  us  to  make  an  endeavor 
to  extend  this  course  so  as  to  include  at  least  some  advanced 
chemistry  in  the  lecture  room,  and  analytic  chemistry  in  the 
laboratory.  Such  a  change  can  not  be  made  at  the  present 
time  except  at  the  expense  of  some  other  course,  and,  there- 
fore, I  would  most  respectfully  ask  the  committee  to  consider 
whether  there  be  means  at  the  present  time  whereby  we  can 
obtain  at  least  two  terms  of  elementary  work.  These  two 
terms  should  include  what  is  now  given  in  the  laboratory, 
and  the  equivalent  of  one  term  in  the  lecture  room.  It  is  not 
my  desire  to  take  from  any  other  department  any  time,  par- 
ticularly in  the  departments  of  English  studies,  whereby 
they  would  be  rendered  less  efficient,  but  the  character  of 
our  institution  seems  to  me  to  justify  us  in  carrying  this 
practical  science  to  a  considerable  extent  further  than  it  is 
now  carried.  The  facilities  of  our  department  at  the  present 
time  are  quite  adequate  to  the  extension  of  the  work  in  chem- 
istry at  least  one  year.  It  is  evident  that  this  time  can  not 
be  given  to  the  department  of  chemistry  under  our  present 
curriculum,  but  it  seems  to  me  desirable. 


Digitized  by 


Google 


STATE  BOARD  OP  AGRICULTUEB.  47 


GEOLOGY. 

In  the  department  of  geology  we  have  proceeded  with 
the  work  as  laid  down  in  the  catalogue,  and  have  accom- 
plished it  with  such  degree  of  thoroughness  as  is  to  be  at- 
tained in  the  time  allotted.  The  cabinet  has  been  of  great 
advantage  to  us  in  both  facilitating  the  teaching  and  in  in- 
creasing the  interest  of  the  students.  We  have  at  present 
two  terms  devoted  to  this  study.  In  these  two  terms  we  have 
to  teach  the  elements  of  physical  geography,  mineralogy  and 
geology.  It  is  a  questioij  whether  we  may  not,  under  the 
present  conditions,  advantageously  devote  one  term  to  physi- 
cal geography,  requiring  all  students  to  take  the  two  terms, 
instead  of  requiring  elementary  geology  in  one  term  and  ad- 
vanced geology  in  the  other.  At  this  time  I  can  not  urge  such 
a  change,  but  am  fully  convinced  that  it  would  be  greatly  to 
the  advantage  of  our  students. 

•  I  would  acknowledge  the  willing  and  faithful  work  of 
my  assistants,  both  in  teaching  and  in  the  experiment  sta- 
tion work. 

Thanking  the  president  of  the  college  and  the  executive 
committee  for  their  kind  and  cordial  support,  this  report  is 
respectfully  submitted. 

WM.  P.  HEADDEN, 
Professor  of  Chemistry. 

December  12,  1900. 
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REPORT  OF  THE  DEPARTMENT  OF  MECHANICAL 
ENGINEERING. 


To  THE  State  Board  of  Ageicultuee  : 

I  have  the  honor  to  submit  the  report  of  the  department 
of  mechanical  engineering. 

Taking  the  classes  in  the  order  of  their  arrangement  in 
the  curriculum,  I  beg  leave  to  report  upon  the  instruction 
given  as  follows:  The  members  of  the  sub-freshman  class 
have  received  instruction  in  freehand  drawing  during  the 
entire  college  year ;  they  have  been  taught  how  to  make  free- 
hand sketches  of  geometrical  models  and  other  objects;  they 
have  also  been  taught  how  to  make  sketches  from  copies  of 
acknowledged  merit  made  by  artists  of  established  reputa- 
tions, and  for  this  purpose  a  graded  series  of  drawing  books 
have  been  used.  In  the  freehand  work,  the  students  who  are 
to  work  in  the  shops  later  on  have  been  taught  how  to  make 
sketches  of  machines;  these  sketches  to  be  subsequently 
worked  up  into  working  drawings  to  be  used  in  the  shops. 
The  sub-freshman  class  have  received  instruction  in  the  shop& 
in  bench  work  in  wood,  having  been  taught  the  common  oper- 
ations of  the  carpenter  at  the  bench.  To  accomplisn  this, 
they  have  been  required  to  complete  a  series  of  exercises, 
comprising  the  various  joints  used  in  wood  work,  in  every 
case  being  guided  by  a  set  of  working  drawings  made  to 
scale. 

The  students  of  the  freshman  class  have  received  class- 
room instruction  in  the  principles  underlying  carpentry  and 
joinery.  This  work  has  been  done  by  means  of  a  text  book 
and  lectures,  the  object  being  to  aid  the  students  in  obtain- 
ing a  knowledge  of  the  correct  application  to  their  work  in 
wood  of  the  principles  explained  in  the  classroom.  They 
have  received  instruction  in  the  proper  shaping  of  the  cut- 
ting edges  of  various  tools  and  the  manner  in  which  they  act 
upon  the  material  under  various  conditions.  The  shrinkage 
and  warping  of  wood  have  been  explained,  and  practical 
methods  given  for  constructive  work  to  allow  for  these  con- 
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ditions.'  The  selection  of  joints  for  various  uses  has  been  ex- 
plained. The  students  themselves  have  made  a  series  of 
joints  of  various  types,  which  are  now  used  in  the  classroom 
in  connection  with  the  lectures.  This  class  has  had  two 
terms  of  instrumental  drawing  from  copies  and  from  meas- 
urements, and  has  also  been  taught  how  to  shape  into  work- 
ing drawings  the  freehand  sketches  they  made  in  the  sub- 
freshman  year.  Considerable  time  has  also  been  spent  upon 
tracing  these  drawings  and  reproducing  them  by  the  blue- 
print process.  In  the  afternoon  shop  work  they  have  taken 
up  bench  work  in  wood,  if  they  have  not  previously  had  it  in 
the  sub-freshman  year ;  in  every  instance  working  from  draw- 
ings, and  some  who  have  completed  the  regular  course  in 
bench  work  before  the  end  of  the  term  have  been  put  upon 
extra  work,  which  has  afforded  them  an  opportunity  to  put 
in  practice  what  they  have  previously  learned.  This  year, 
so  far,  the  class  has,  in  addition  to  its  regular  educational 
exercises  in  wood  work,  completed  twelve  tables  for  the  draw- 
ing room,  which  have  been  put  in  service  and  proved  satis- 
factory. 

Some  of  the  freshmen  have  been  occupied  in  the  black- 
smith shop,  and  have  been  receiving  instruction  in  forging  a 
series  of  exercises  educationally  arranged,  and  they  have  ac- 
quired considerable  skill  at  the  forge.  All  the  cutting  tools 
used  at  the  lathes  and  planers  in  the  machine  room  have  been 
made  in  the  forge  room. 

The  sophomore  class  has  been  instructed  in  instrumental 
drawing  in  orthographic  projection  and  isometric  projection, 
and  has  been  required  to  work  out  a  number  of  problems  in 
those  subjects.  The  class  has  received  instruction  in  pattern 
making  for  one  term.  It  has  been  taught  how  to  make  pat- 
terns correctly,  so  that  they  may  be  used  to  advantage  in  the 
foundry.  Many  patterns  for  appliances  used  about  the  col- 
lege have  been  made  by  these  students. 

The  junior  class  has  pursued  the  study  of  steam  boilers. 
The  proper  design  of  modern  boilers  has  been  studied ;  rivet- 
ing, bracing,  staying,  etc.,  have  received  attention.  The  se- 
lection of  boilers  for  various  purposes  has  been  discussed, 
and  wherever  possible  all  available  boilers  have  been  exam- 
ined with  a  view  to  having  the  students  become  familiar  with 
varieties  of  construction.  The  care  and  management  of  boil- 
ers has  also  been  taught  to  the  members  of  this  class,  and  as 
opportunity  has  offered  the  students  have  been  entrusted 


Digitized  by 


Google 


50  TWBNTT-SB(X)ND  ANNUAL  BBPOBT 

with  the  care  of  boilers,  preferably  the  boilers  in  the 
mechanical  engineering  laboratory.  The  principles  of  mech- 
anism have  received  attention  by  this  class,  and  they  have 
been  tanght  the  underlying  principles  upon  which  the  work- 
ing of  machines  depend,  and  the  various  mechanical  move- 
ments have  been  explained  and  their  practical  application 
shown  in  various  kinds  of  machinery.  Workshop  methods 
and  appliances  have  been  studied  and  the  methods  and 
equipment  of  modern  shops  and  factories  have  been  studied 
with  care.  This  class  has  also  received  instruction  in  the 
foundry,  and  has  been  taught  how  to  mould  and  cast  both 
in  iron  and  brass.  It  has  received  instruction  in  plain  work 
in  moulding  and  in  core  work.  The  care  and  management 
of.  the  core  oven  has  been  taught,  the  students  making  their 
own  cores  and  finishing  and  baking  correctly.  All  the  iron 
and  brass  castings  used  in  the  shops  during  the  past  year 
have  been  made  in  the  college  foundry.  ^  As  an  additional 
aid  to  the  more  intelligent  performance  of  their  work  in  the 
foundry,  they  have  received  classroom  instruction  in  the 
subjects  pertaining  to  that  work,  the  care  and  management 
of  cupolas,  the  best  practice  of  modern  foundries,  the  proper 
selection  and  mixing  of  different  grades  of  iron;  and,  in 
brass  founding,  the  proper  selection  of  metals  and  the  pro- 
duction of  alloys. 

The  senior  class  has  had  two  terms  of  drawing,  part  of 
that  time  being  taken  up  with  the  study  of  machine  design, 
the  latter  work  having  been  carried  on  by  means  of  a  text 
book  and  also  by  frequent  reference  to  machines  of  acknowl- 
edged good  design.  This  work  calls  for  much  original  re- 
search and  mathematical  calculation.  Each  student  has 
been  required  to  produce  one  or  more  original  designs  dur- 
ing the  year.  The  fall  term  shop  practice  of  this  class  com- 
pleted its  line  of  shop  experience,  and  its  entire  shop  time  has 
been  spent  in  the  machine  room,  where  it  was  taught  how  to 
manage  the  lathes,  planers,  milling  machines,  and  other  ma- 
chines and  appliances  in  that  room.  The  members  of  the 
class  have  made  a  variety  of  small  tools,  two  steam  engines, 
and  have  partly  completed  a  lathe,  besides  keeping  in  repair 
all  the  machinery  in  the  department. 

In  all  the  work  of  the  shops  the  students  have  been  re- 
quired to  work  from  drawings  as  much  as  possible,  as  it  has 
become  necessary  for  the  workmen  of  to-day  to  be  able  to  read 
working  drawings.    The  study  of  the  steam  engine  has  been 
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another  branch  required  of  this  class,  and  a  very  comprehen- 
sive treatise  on  the  subject  has  been  used  as  a  text  book  and 
the  study  taken  up  in  a  thorough  manner.  The  thermodynam- 
ics of  the  steam  engine  has  been  taken  up,  as  well  as  the  prac- 
tical working  of  the  engine.  Various  kinds  of  valves  and 
governors  have  been  discussed;  the  Zeuner  diagrams  have 
also  been  studied  and  applied.  The  transmission  of  i>ower 
by  modern  methods  has  been  taken  up,  and  a  study  of  some 
of  the  most  common  forms  has  been  made. 

The  mechanical  engineering  laboratory,  although  as  yet 
not  fully  equipped,  has  afforded  this  class  a  greater  oppor- 
tunity of  becoming  familiar  with  steam  and  hydraulic  ma- 
chinery than  we  have  been  able  to  offer  the  senior  claases  of 
previous  years.  A  fine  eighty  horse-power  steel  boiler  has 
afforded  them  an  excellent  opportunity  for  study,  and  the 
five  horse-power  boiler  has  also  proved  of  great  value  to  thejoi. 
They  have  also  been  taught  how  to  indicate  the  four  steam 
engines  of  the  department,  the  students  themselves  fitting 
the  engines  with  indicator  pipes  and  brakes.  They  have  been 
taught  how  to  get  the  indicated  horse  i)ower,  the  brake  horse 
power  and  the  friction  of  the  engines.  The  two  steam  pumps 
have  also  been  fitted  up  with  indicator  pipes  by  the  students, 
and  they  have  made  a  series  of  experiments  upon  these 
pumps,  determining  their  efficiency,  etc.  They  have  been 
taught  how  to  use  thermometers,  barometers,  and  calorime- 
ters, and  in  this  advance  work  have  taken  special  interest. 
They  have  acquired  a  good  degree  of  familiarity  with  indi- 
cator diagrams,  and  in  connection  with  that  work  have 
learned  to  use  the  planimeter  with  accuracy.  Gauge  testing 
has  also  formed  part  of  their  instruction. 

Respectfully  submitted, 

J.  W.  LAWRENCE, 
Professor  of  Mechanical  Engineering. 

December  11,  1900. 
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REPORT  OF  THE  DEPARTMENT  OF  DOMESTIC 

SCIENCE. 


To  THE  State  Board  of  Agriculture  : 

Before  giving  the  outline  of  the  work  in  the  department 
of  domestic  science  for  the  past  year,  I  will  preface  the  same 
by  a  few  paragraphs  relating  to  the  establishment  of  this 
department. 

The  establishment  of  the  department  of  domestic  science 
in  the  Colorado  Agricultural  College  was  the  outgrowth  of 
the  conviction  that  the  education  of  a  young  woman  is  no 
more  complete  without  training  in  the  domestic  art  and  un- 
derlying sciences  than  is  the  education  of  a  young  man  with- 
out training  in  the  practical  arts  of  life. 

Knowledge  is  an  excellent  thing ;  but  knowledge  and  the 
acquired  skill  to  apply  that  knowledge  are  infinitely  better. 
To  know  what  to  do  is  important ;  to  know  the  same  thing, 
and,  in  addition,  to  have  skill  in  doing  it,  is  reaching  out  and 
taking  hold  of  the  best. 

Thus  committed  to  the  doctrine  that  true  education 
should  include,  and  in  fact  does  include,  culture  of  the  moral 
and  mental  powers  in  connection  with  the  practical  training 
in  the  industrial  arts,  the  State  Board  of  Agriculture  illus- 
trated its  theory  in  the  founding  of  this  department  in  June, 
1894. 

The  following  fall  witnessed  the  opening  of  the  old  hor- 
ticultural building  under  a  new  name,  with  the  purpose  of 
making  this  feature  a  great  success. 

The  appreciation  of  this  work  is  manifest  in  the  fact 
that  since  its  introduction  the  number  of  young  ladies  in  the 
college  has  more  than  doubled.  Since  the  majority  of  young 
ladies  will  be  home  makers,  this  subject  is  of  paramount  im- 
portance. Through  this  training,  that  which  seemed  drudg- 
ery is  transformed  into  an  attractive,  elevating  and  very  use- 
ful art. 

The  course  includes  five  terms  of  lectures  and  classroom 
recitations,  as  follows: 
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I,  Hygiene  and  Sanitation — This  subject  is  taken  up 
at  the  beginning  of  the  winter  term  of  the  sophomore  year. 
The  text  book  used  is  a  collection  of  ^^Public  Health^'  essays 
relating  chiefly  to  the  home  and  school^  and  are  classified  in 
this  way : 

1.  Study  of  the  home. 

(a)  Selection  of  location. 

(b)  The  building  of  the  home,  from  founda- 

tion to  attic,  including  materials  used, 
the  plumbing,  heating,  lighting,  ventil- 
ation, etc. 

(c)  The    surroundings:     lawns,    trees,    and 

shrubbery;  emphasizing  sanitary  and 
hygienic  conditions. 

(d)  Furnishing  the  home  for  the  purposes  of 

convenience,  adornment,  and  the  hap- 
piness of  the  inmates. 

2.  The  use  of  disinfectants. 

3.  Individual  prophylaxis  against  disease. 

4.  School  hygiene. 

5.  Foods. 

6.  Preventable  causes  of  disease. 

II.  Emergencies,  Conversation,  Etc.  —  During  the 
spring  term  of  the  sophomore  year  the  leading  aim  is  to  teach 
self-reliance,  presence  of  mind,  an  interest  in  general  subjects, 
and  to  train  the  student  to  express  herself  concisely,  intelli- 
gently and  entertainingly. 

The  scheme  is  varied  for  each  day  in  the  week.  On  Mon- 
days the  subjects  always  relate  to  the  human  organism.  For 
instance,  the  skin  is  studied- under  the  divisions  of  functions 
and  care.  Tuesdays  are  devoted  to  emergencies.  To  illus- 
trate :  One  subject  taken  is  the  resuscitation  of  the  appar- 
ently drowned.  In  all  cases  of  accident  a  physician  should 
be  called,  but  the  attendant  may  be  of  great  use  while  the 
physician  is  coming.  On  Wednesday  each  young  woman  is 
required  to  prepare  for  the  class  an  item  of  interest  that  be- 
longs to  the  general  subject  of  home  science.  Thursday  or 
Friday  is  given  to  written  work,  an  emergency  always  alter- 
nating with  the  former.  The  lesson  for  Friday  morning  is 
one  of  great  importance.  Some  subject  for  discussion  is  an- 
nounced one  week  in  advance,  with  a  member  of  the  class  as 
leader.    For  twenty  minutes  the  one  in  charge  presides ;  then 
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the  inBtructor  takes  the  chair  and  recapitulates,  adding  and 
modifying  wherever  necessary. 

Since  the  art  of  conversation  has  been  very  much  n^- 
lected  in  recent  years,  the  young  ladies  appreciate  this  opi)or- 
tunity  of  giving  special  attention  to  so  valuable  and  culti- 
vating a  subject,  particularly  since  it  is  absolutely  indispen- 
sable in  the  well-ordered  home. 

III.  Chemistry  of  Cooking  and  Cleaning — In  the  fall 
term  of  the  junior  year  the  subject  .considered  is  the  chem- 
istry of  cooking  and  cleaning.  The  practice  of  cooking  can 
not  be  carried  on  successfully  without  some  knowledge  of 
chemical  science.  The  text  book  used  is  the  work  of  Mrs. 
Ellen  H.  Richards.  The  work  of  this  term  tends  to  lift  the 
veil  of  mystery  from  many  kinds  of  house  work,  and  to  fill 
the  mind  of  the  student  with  a  broader  conception  of  her 
sphere  as  a  home  maker.  Moreover,  the  actual  performance 
of  the  labor  is  materially  lessened  when  these  subjects  are 
properly  understood. 

IV.  Science  of  Nutrition — During  the  winter  term  of 
the  junior  year  the  science  of  nutrition  is  studied  with  At- 
water's  ^^Chemistry  and  Economy  of  Food.''  Bulletin  No.  21, 
of  the  office  of  experiment  stations,  Washington,  D.  C,  is 
taken  as  the  basis.  Much  supplementary  reading  is  required, 
and  the  study  of  dietaries  is  made  an  important  feature  of 
this  division. 

V.  Home  Nursing — ^At  the  opening  of  the  spring  term, 
Weeks's  text  book  on  nursing  is  placed  in  the  hands  of  the 
class,  and  as  thorough  investigation  and  study  as  are  pos- 
sible, without  clinical  practice,  is  carried  forward.  In  all  of 
these  lines  attention  is  given  to  the  subject  of  micro-organ- 
isms, as  the  knowledge  of  them  and  their  functions  is  vari- 
ously related  to  the  matters  under  consideration. 

Sewing — The  afternoon  work  in  sewing  consists  of  draft- 
ing patterns,  cutting  out  garments,  plain  sewing,  plain  and 
fancy  stitches,  and  embroidery.  Everything  is  done  system- 
atically and  methodically,  and  not  for  a  moment  is  sight  lost 
of  the  high  educational  value  of  this  training.  Special  in- 
struction is  given  in  dressmaking.  Notwithstanding  the  fact 
that  no  student  is  required  to  purchase  material  for  sewing, 
it  is  invariably  done,  because,  in  so  doing,  she  is  entitled  to 
the  product  of  her  labor. 

The  Kitchen — The  work  in  the  kitchen  laboratory  in- 
cludes the  study  of  foods,  with  practice  in  all  kinds  of  cook- 
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ing  and  laundering.  How  to  serve  f  ood,  the  care  of  the  table 
linen,  the  arrangement  of  dining  tables  for  all  occasions, 
and  how  to  make  all  kinds  of  food  serve  their  best  purpose 
at  the  least  cost,  are  among  the  subjects  considered. 

Housekeeping — Since  the  building  in  which  domestic 
science  is  taught  is  furnished,  as  far  as  possible,  as  a  home 
would  be,  actual  work  in  housekeeping  is  carried  on.  Sweep- 
ing, washing  of  wood  and  glass,  as  wel)  as  dusting,  form  a 
part  of  each  student's  duties. 

Oeneral  Topics — A  lecture  is  given  on  each  Monday  af- 
ternoon on  some  topic  relating  to  the  care  of  the  house, 
clothing,  or  person;  social  duties;  customs  of  good  society, 
and  anything  that  will  aid  in  the  development  of  a  perfect 
womanhood. 

There  have  been  ninety-nine  young  ladies  enrolled  in  the 
department  during  the  past  year.  Each  succeeding  year 
marks  an  increased  interest  in  the  science  and  art  of  house- 
keeping. 

Respectfully  submitted, 

THEODOSIA  Q.  AMMONS, 
Professor  of  Domestic  Science. 

December  12,  1900. 
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REPORT  OF  THE  DEPARTMENT  OF  MATHEMATICS. 


To  THE  State  Board  op  Agriculture  : 

I  submit  herewith  the  annual  report  of  the  department 
of  mathematics. 

The  work  of  this  department  consists  of  giving  instruc- 
tion in  all  branches  of  mathematics  taught  in  the  institution. 
The  classes  are  large  and  numerous,  and  the  work  hard,  but 
enjoyable.  The  forenoons  are  devoted  to  teaching  in  the 
classrooms,  while  in  the  afternoons  my  assistant  and  myself 
keep  "open  house"  in  our  office  to  help  the  weak  and  erring 
and  give  special  instruction  to  all  who  may  come  to  us  for 
help.  During  the  past  year  the  department  has  carried  on 
the  regular  routine  work  mapped  out  for  it  in  the  catalogue. 

Instruction  has  been  given  to  students  in  twenty-two  dif- 
ferent classes,  having  an  aggregate  enrollment  of  711  and 
all  the  scheduled  work  has  been  done. 

The  work  done  by  the  students  has,  on  the  whole,  been 
good.  Of  course,  some  are  lazy  and  indolent,  but  the  greater 
majority  work  hard,  with  good  results.  I  wish  to  call  atten- 
tion to  the  present  senior  class.  This  class  has  just  com- 
pleted the  work  required  of  it  in  this  department.  Their 
work  throughout  the  course  has  been  more  than  satisfactory, 
and,  without  doubt,  this  is  the  strongest  class  in  mathematics 
that  the  institution  has  ever  known. 

The  classes  taught  during  the  year  have  been  as  follows : 

winter  term— 1900. 

Juniors  In  analytical  geometry 21 

Sophomores   in   trigonometry 37 

-  Sophomores  in  descriptive  geometry 17 

Freshmen  in  geometry  (two  sections) . . . : 69 

Sub-freshmen  in  algebra  (two  sections) 72 
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SPRING  TBRM— 1900. 

Juniors  in  differential  calculus 18 

Sophomores  in  advanced  algebra 28 

Sophomores  in  descriptive  greometry 16 

Freshmen  in  geometry  (two  sections) 69 

Sub-freshmen  in  algebra  (two  sections) 72 

FALL.  TBRM— 1900. 

Seniors  In  integral  calculus 17 

Juniors  In  college  algebra 18 

Sophomores  in  algebra 60 

Freshmen  in  geometry  (three  sections) 116 

Sub-freshmen  in  elementary  algebra  (two  sections)..  92 

The  only  thing  in  the  course  of  mathematics  as  scheduled 
in  the  catalogue  that  I  can  criticise  is  the  lack  of  time  in  some 
of  the  higher  branches.  We  should  have  two  terms  for  ana- 
lytical geometry  instead  of  one,  and  three  terms  for  calculus 
instead  of  two.  When  our  course  here  is  extended,  I  hope  the 
honorable  members  of  the  board  will  consider  this  sugges- 
tion, for  it  seems  to  be  a  much-needed  change. 

Bespectfully  submitted, 

EDWARD  B.  HOUSE, 
Professor  of  Mathematics. 

December  12,  1900. 
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REPORT  OF  THE  DEPARTMENT  OP  RHETORIC  AND 

PHILOSOPHY. 


To  THE  State  Board  op  Agriculture  : 

I  take  pleasure  in  complying  with  the  laws  of  the  state 
regulating  reports  from  heads  of  departments  at  the  State 
Agricultural  College,  and  so  herewith  transmit  to  your  hon- 
orable body,  through  the  president  of  the  college,  the  annual 
report  of  the  department  of  rhetoric  and  philosophy  from 
December  1, 1899,  to  December  1, 1900. 

During  the  winter  term,  1899-1900,  there  were  four  reg- 
ular classes  conducted  by  the  department,  viz. :  the  senior- 
junior  class  in  logic,  the  freshman  class  in  rhetoric  in  two 
divisions,  and  the  sub-freshman  class  in  rhetoric.  Of  each  of 
these  I  shall  report  in  detail. 

The  class  in  logic  consisted  of  twenty-five  students — 
members  of  the  seniors  of  the  agricultural,  civil  engineering 
and  ladies'  courses,  juniors  of  the  mechanical  engineering 
•course,  and  such  unclassified  students  as  elected  the  course. 
The  class  met  daily  in  Mr.  Gillette's  classroom,  the  regular 
classroom  for  rhetoric  and  philosophy  being  used  at  that 
time  by  other  classes. 

The  course  in  logic  was  elementary,  and  was  presented 
through  recitations  from  Gregory's  "Practical  Logic"  as  a 
text  book,  discussion,  and  many  original  supplementary  ex- 
ercises prepared  both  by  the  class  and  by  the  instructor.  The 
stress  of  the  course  was  placed  upop  the  minute  working  out 
of  the  syllogism  as  the  basis  of  scientific  reasoning.  Another 
aim  of  the  course  was  to  bring  out  in  a  clear  manner  both 
the  deductive  and  the  inductive  sides  of  inference,  and  to 
point  out  some  of  the  principles  of  philosophy  that  are  in- 
volved in  them.  The  text  book  in  use  proving  antiquated  and 
entirely  inadequate  for  the  best  interests  of  the  class  and  for 
the  truest  realization  of  the  aims  of  the  course,  Creighton's 
book,  just  out,  was  substituted  for  the  use  of  later  classes. 
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The  class  in  advanced  rhetoric  and  rhetorical  analysis 
was  composed  of  eighty-two  students  of  freshman  rank,  recit- 
ing daily  in  two  divisions ;  one  at  8 :45,  and  the  other  at  9 :30, 
in  the  morning.  Qenung's  "Practical  Rhetoric"  and  "Rhe- 
torical Analysis"  were  the  text  books  used  as  guides  for  this 
course,  and  the  time  and  attention  of  the  class  was  devoted 
mainly  to  the  study  of  theme  or  essay  structure  and  the  fun- 
damental principles  of  the  different  forms  of  discourse. 

Sixty-one  students,  mostly  of  sub-freshman  rank,  were 
enrolled  for  the  course  in  elementary  rhetoric,  commonly 
called  "Lessons  in  English."  The  text  book  used  was  Lock- 
wood's  "Lessons  in  English,"  supplemented  by  Strang's  "Ex- 
ercises in  English."  This  course  was  a  continuation  of  the 
course  begun  in  the  fall  term  of  the  year,  and  its  later  work 
extended  through  the  spring  term  of  the  year,  the  class  then 
numbering  fifty-four. 

During  the  spring  term  the  class  in  advanced  rhetoric 
numbered  sixty-seven — still  in  two  divisions — and  the  sort 
of  work  followed  was  similar  to  that  of  the  preceding  term. 

The  class  in  psychology,  scheduled  for  the  members  of 
the  sophomore  class,  ladies'  course,  and  such  others  as  might 
choose  the  study,  consisted  of  twenty-four  students,  who  took 
a  twelve  weeks'  course,  using  Halleck's  "Psychology  and 
Psychic  Culture"  as  a  guide.  As  so  much  of  the  after  philo- 
sophical work  of  the  student  depends  upon  psychology,  or, 
at  least,  upon  a  reasonable  knowledge  of  the  subject,  it  seems 
to  me  that  all  the  branches  of  philosophy  given  in  the  college 
should  be  offered  as  electives,  within  reach  of  all  students  of 
all  courses  above  sophomore  rank. 

Through  the  kindness  of  the  president  of  the  college  and 
by  the  vote  of  the  board,  I  was  allowed  to  spend  the  vacation 
months  in  study  at  the  University  of  Chicago.  At  that  great 
school  I  gained  many  good  and  serviceable  ideas  along  the 
lines  of  philosophy  and  rhetoric,  not  only  from  the  requisite 
study  and  from  the  classroom  instruction,  but  also  from  the 
meeting  and  contact  with  instructors  from  all  parts  of  the 
United  States  and  from  all  ranks  of  colleges  and  academies. 
Moreover,  the  opportunity  for  free  and  unlimited  consulta- 
tion on  all  the  great  and  fundamental  problems  which  con- 
front the  instructor  in  rhetoric  and  composition  are,  in  them- 
selves, worth  all  the  time  and  money  spent  on  such  courses 
by  those  attending  them. 
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During  the  fall  term  of  1900,  just  closed,  I  have  con- 
ducted classes  in  ethics,  elementary  rhetoric,  civil  govern- 
ment and  Latin. 

The  class  in  ethics  was  composed  of  two  young  ladies. 
Owing  to  the  present  course  of  study,  the  subject  of  ethics  is 
scheduled  for  the  ladies'  course  only.  As  I  said  before,  this 
branch  of  philosophy  ought,  by  all  means,  to  be  a  senior 
elective,  as  it  is  a  prerequisite  to  all  sociological  enquiry  and 
research. 

At  the  beginning  of  the  fall  term  the  courses  in  rhetoric 
and  English  composition  were  put  on  a  new  and  radically 
safe  modern  basis,  and  a  recent  text  book  was  adopted  for 
use  in  both  the  elementary  work  and  the  advanced  course. 
The  new  book  minimizes  theory  and  catechetical  methods 
by  making  the  work  intensely  practical  by  doing.  The  stu- 
dents are  required  to  do  a  great  deal  of  writing,  which  is  per- 
sonally inspected  and  criticized  by  the  instructor.  Personal 
consultation  is  had  with  the  students  as  much  as  possible, 
and  their  individual  needs  are  recognize,  the  whole  aim 
first,  last  and  all  the  time  being  their  clear  and  effective  use 
of  language  in  expressing  thought. 

The  course  in  elementary  rhetoric  offered  work  this  fall 
to  one  hundred  and  four  students.  The  work  has  been  done 
cheerfully,  in  spite  of  the  fact  that  most  students  are  preju- 
diced against  rhetorical  studies,  coming  to  us  from  the  various 
public  schools  of  the  state  with  but  a  meager  preparation  in 
composition.  Rhetoric  has  been  so  sugar-coated,  generally 
with  a  pretense  at  ^wasi-literature,  that  about  the  first  effort 
that  the  new  student  of  the  Colorado  Agricultural  College 
has  to  put  forth  is  to  learn  to  spell,  to  read,  and  to  express 
himself  in  pure  English. 

The  class  in  civil  government  numbered  seventy-two  stu- 
dents. At  the  beginning  of  the  fall  term  Fiske's  "Civil  Gov- 
ernment in  the  United  States"  was  substituted  for  the  little 
manual  previously  in  use,  which  at  best  was  a  mere  syllabus 
of  the  subject.  The  new  book  is  more  scholarly,  interesting 
and  reliable — a  vastly  better  book  in  every  particular  for 
both  instructor  and  student. 

All  through  my  work,  whether  in  rhetoric,  philosophy, 
or  Latin,  I  have  had  the  earnest  and  kind  co-operation  of 
President  Aylesworth,  and  I  have  yet  to  record  my  first  dis- 
appointment in  securing  the  necessities  of  time,  equipment 
and  general  support  from  him  or  from  the  management  of 
the  college  in  general. 
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For  the  kindly  confidence  reposed  in  me  and  in  my  work 
for  the  school  by  the  members  of  the  board  and  all  others  in 
authority,  I  am  deeply  grateful. 

Respectfully  submitted, 

EDWARD  M.  TRABER, 
Professor  of  Rhetoric  and  Philosophy. 

December  12,  1900. 
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REPORT  OF  THE  DEPARTMENT  OF  HISTORY  AND 

LITERATURE. 


To  THE  State  Board  op  Agbicultube  : 

Permit  me  to  submit  the  following  report  of  the  depart- 
ment of  history  and  literature  for  the  past  year. 

The  work  of  the  winter  and  spring  terms,  1899-1900,  was 
completed  as  outlined  in  the  course  of  study,  by  my  predeces- 
sor. Prof.  Jennie  E.  McLain.  The  records  show  large  attend- 
ance upon  all  classes. 

After  my  election  at  the  spring  meeting  of  your  honor- 
able board  I  spent  the  summer  term  at  the  University  of  Chi- 
cago, and  entered  upon  my  duties  at  the  college  last  Septem- 
ber, at  the  opening  of  the  fall  term.  During  the  term,  which 
closed  November  30,  my  class  work  consisted  of  twenty-five 
recitations  per  week,  as  follows : 

Freshman  Class — History.  The  study  of  Greece  and 
Rome ;  text  book  and  class  lectures,  supplemented,  when  pos- 
sible, by  literary  work.  Enrollment,  seventy-one.  Recita- 
tions in  two  sections. 

Sophomore  Class — Literature.  General  outline  study  of 
English  authors;  text  book  and  topical  outlines  used,  with 
lectures  and  readings.    Enrollment,  forty-seven. 

Senior  Class — Literature.  Critical  study  of  several 
English  masterpieces.    Enrollment  fifteen. 

Oerman — ^An  elective  course  in  the  elements  of  the  Ger- 
man language.    Enrollment,  twelve. 

New  entries  at  the  beginning  of  the  winter  term  make 
my  total  enrollment  in  freshman  history  ninety-six.  The 
class  recites  in  two  divisions.  A  large  sub-freshman  class 
begins,  this  term,  a  course  in  American  literature,  which  will 
be  continued  the  rest  of  the  year.  The  seniors  of  the  ladies' 
course  enter  this  term  upon  the  study  of  the  philosophy  of 
history.  The  German  class  continues  the  work  commenced 
last  term. 
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I  find  my  new  surroundings  congenial  and  helpful^  and^ 
while  I  have  little  as  yet  to  report,  my  work  opens  with  most 
encouraging  promise.  I  have  but  one  request  or  suggestion 
to  submit.  I  have  been  unable  to  use  the  library,  which  is 
the  laboratory  of  my  department,  as  much  as  is  desirable, 
since  the  students  are  occupied  with  recitations  or  laboratory 
work  in  other  departments  during  almost  all  of  the  library 
hours.  I  hope  that  some  arrangement  may  be  made  by  which 
the  library  may  be  accessible  for  the  necessary  laboratory 
work  of  the  students  in  literature  and  history.  The  culture 
value  of  such  work  can  not  be  over-estimated. 

Respectfully  submitted, 

VIRGINIA  H.  CORBETT, 
Professor  of  History  and  Literature. 

December  11,  1900. 
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REPORT  OF  THE  MILITARY  DEPARTMENT. 


To  THE  State  Board  of  Agriculture  : 

I  have  the  honor  to  submit  the  report  of  the  militaxy  de- 
partment for  the  past  year. 

Up  to  this  date  230  cadets  have  received  instruction  in 
this  department  since  the  opening  of  the  fall  term;  a  con- 
siderable increase  over  any  previous  year. 

The  organization  consists  of  an  infantry  battalion  of 
three  companies^  each  company  having  a  captain,  two  lieu- 
tenants, five  sergeants  and  five  corporals.  The  staff,  commis- 
sioned and  non-commissioned,  consists  of  an  adjutant,  ser- 
geant-jiajor,  quartermaster  sergeant,  color  sergeant,  and 
drum  major.  The  band  consists  of  sixteen  musicians.  The 
signal  corps  and  artillery  squads  will  be  organized  during  the 
winter  term. 

Because  of  the  large  number  of  new  students  at  the  be- 
ginning of  the  year,  it  was  necessary  to  continue  the  "set- 
ting-up" drill  an(\  individual  instruction  somewhat  longer 
than  has  been  the  custom.  Seven  weeks  were  devoted  to  this 
work,  but  the  result  was  gratifying  when  company  and  bat- 
talion drills  were  begun.  The  exercises  during  the  latter 
part  of  the  fall  and  the  beginning  of  the  winter  terms  have 
included  the  school  of  the  company  and  battalion  in  close 
order.  During  the  remainder  of  the  college  year  it  is  the 
plan  to  perfect  the  organization  in  the  work  already  cov- 
ered, and  also  to  practice  the  exercises  in  extended  order,  for- 
mation of  advanced  and  rear  guards,  and  the  performing  of 
guard  duty.  The  ceremonies  consist  of  parades,  guard- 
mounting,  reviews,  and  inspection.  Inspection  is  to  be  held 
at  least  once  a  month.  During  unfavorable  weather  will  be 
held  such  exercises  ^  can  be  conducted  in  the  armory.  A 
portion  of  the  time  will  be  devoted  to  recitations  in  infantry 
drill  regulations,  manual  of  guard  duty,  and  other  subjects 
relating  to  our  w^ork.  This  was  the  plan  of  work  during,  last 
year,  and  was  fairly  satisfactory.  Instruction  in  signaling 
was  given   to   as   many  as  possible  during  the  winter  and 
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spring  term.  Signaling  with  flags  is  first  taught,  and,  when 
fairly  well  understood,  the  heliograph  is  used.  Considerable 
interest  has  been  shown  in  this  work. 

A  military  encampment  held  at  the  close  of  the  college 
year  affords  the  best  possible  opportunity  for  practical  in- 
struction. Could  arrangements  be  made  for  holding  an  en- 
campment each  year,  good  would,  no  doubt,  come  from  it. 
Through  the  kindness  of  the  college  faculty  we  were  allowed 
the  last  six  days  of  the  spring  term,  1900,  for  the  purpose  of 
going  into  camp.  Adjutant  General  J.  C.  Overmyer,  C.  N. 
(jr.,  very  kindly  gave  us  the  use  of  the  necessary  camp  equip- 
ment. We  were  also  indebted  to  many  people  of  Fort  Col- 
lins, who  made  liberal  donations  to  aid  in  reducing  the  nec- 
essary expense.  A  six-day  encampment  was  held  at  a  net 
expense  to  the  cadets  of  one  dollar  each.  Besides  becoming 
familiar  with  the  other  duties  of  soldiers  in  camp,  those  in 
the  battalion  obtained  a  very  good  idea  of  practical  guard 
duty.  Target  practice  was  one  of  the  features  of  our  work. 
The  ranges  used  were  100  and  200  yards.  This  wofk  proved 
both  interesting  and  helpful.  A  complete  record  of  scores 
made  was  kept  and  averages  up  well.  The  practice  in  skir- 
mishing in  open  fields,  with  the  use  of  blank  cartridges,  added 
life  and  interest  to  the  exercises. 

It  may  not  be  out  of  place  to  refer  to  a  new  feature  of 
our  organization,  and  that  is  the  band.  It  so  happened  that 
among  our  students  there  were  musicians  enough,  having 
their  own  instruments,  to  make  up  a  band  of  sixteen  pieces. 
These  men  were  transferred  from  the  companies  to  which 
they  belonged  to  the  band,  and  were  given  the  drill  period  for 
practice.  The  progress  they  have  made  entitles  them  to  a 
great  deal  of  credit. 

The  ordnance  and  ordnance  stores  of  this  department 
are  in  a  good  state  of  preservation. 

Respectfully  submitted, 

R.  A.  MAXFIELD, 

Professor  of  Military  Science  and  Tactics. 

December  11,  1900. 
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REPOBT  OP  THE  COMMERCIAL  DEPARTMENT. 


To  THE  State  Board  op  Ageioulture  : 

I  have  the  honor  to  submit  the  fifth  annual  report  of  the 
department 

The  following  summary  shows  the  subjects  taught,  the 
enrollment  and  withdrawals  for  the  fall  term  of  1900 : 

Enroll-        Wlth- 
Branches.  ment.      drawals. 

Commercial  arithmetic B7 

Commercial  geogr&phy 19 

Bookkeeping:  56 

Stenography  31 

Typewriting  89 

Spelling  60 

J  Penmanship    63  6 

NEEDS  OF  THE  DEPARTMENT. 

The  immediate  needs  of  the  department  are  stationery 
supplies  for  the  offices  in  business  practice^  a  small  book  case 
for  the  principal's  office,  and  a  platform  for  the  teacher  in 
the  general  classroom.  The  approximate  total  cost  is  fifty 
dollars  (f50). 

You  will  note  from  the  increased  enrollment  that  the  de- 
partment is  in  a  flourishing  condition.  This  is  largely  due, 
as  in  the  other  departments  of  the  college,  to  the  efforts  of 
the  new  administration,  which  has  not  only  resulted  in  a 
marked  increase  in  the  student  body,  but  has  brought  about 
that  vastly  more  important  function,  perfect  harmony 
amongst  the  faculty  and  assistants. 

While  the  popularity  of  the  commercial  department,  as 
it  is  to-day,  can  not  be  questioned,  yet,  after  more  deliberate 
thought  and  study,  I  am  still  of  the  opinion  that  we  are  not 
doing  as  much  for  the  youth  of  the  land  as  lies  within  our 
power.  The  wealth  of  every  nation  is  dependent  upon  its 
commerce.     Therefore,  everything  that  tends  to  better  the 
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commercial  conditions  of  a  nation  adds  wealth  and  prosper- 
ity to  that  nation.  It  has  been  conclusively  demonstrated 
that  to  gain  supremacy  in  the  commercial  world,  it  is  nec- 
essary to  give  young  men  a  thorough  technical  training. 
Educate  them  to  cope  successfully  with  the  great  problems 
which  are  daily  confronting  the  "business  man."  Teach  them 
business  in  the  broadest  sense.  The  vast  resources  of  the 
United  States  and  the  recent  acquisition  of  foreign  territojry 
furnish  wide  fields  for  the  broad-minded  business  man.  In 
view  of  such  facts,  I  must  again  suggest  that  a  "College  of 
Commerce,"  consisting  of  a  term  of  four  years,  be  established, 
and  that  an  appropriate  degree  be  conferred  upon  each  stu- 
dent who  completes  the  course.  I  should  make  Spanish  and 
German  an  important  part  of  the  curriculum,  bookkeeping 
and  stenography  an  essential  but  secondary  part,  and,  above 
all,  I  should  insist  on  thorough  training  in  English.  Such 
a  school  could  easily  be  established  when  the  change  in  the 
present  college  course  shall  be  adopted.  I  believe  it  would 
be  necessary  to  employ  but  one  more  instructor — a  Spanish 
teacher. 

Should  my  suggestions  receive  favorable  consideration, 
I  should  be  pleased  to  aid,  to  the  best  of  my  ability,  in  select- 
ing such  studies  as  shall  be  deemed  proper  for  such  a  school. 

Respectfully  submitted, 

CHAS.  J.  GILKISON, 

Principal. 

December  11,  1900. 
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REPORT  OF  THE  DIRECTOR. 


To  THE  State  Board  of  Agriculture: 

Gentlemen — I  have  the  honor  to  present  the  follow- 
ing brief  report  of  the  experiment  station  for  the  past  year 
as  a  department  of  the  agricultural  college. 

A  more  detailed  report  of  the  operations  of  the  station 
is  given  in  the  report  which  an  act  of  congress  requires  to  be 
submitted  to  the  governor. 

The  law  provides  that  the  experiment  statiou  shall  be  a 
department  of  the  college  with  which  it  is  connected.  It  has 
sometimes  been  thought  that  the  attachment  was  merely  for 
convenience.  A  more  general  view  of  the  scope  of  the  sta- 
tion would,  however,  make  it  appear  that  it  is  an  important 
feature  in  the  primary  objects  of  the  college.  It  is  gener- 
ally recognized  that  an  important  function  of  a  university 
is  in  the  increase  of  knowledge  as  well  as  its  diffusion.  In 
that  respect  the  agricultural  experiment  station  has  charge 
of  the  increase  of  knowledge  relating  to  agriculture.  Its  du- 
ties are  those  of  investigation  along  lines  which  will  be  of 
value  and  of  material  interest;  it  also  has  certain  duties 
of  dissemination  of  the  results  of  these  investigations.  While 
endowed  by  congress  in  the  Hatch  act,  this  does  not  neces- 
sarily replace  the  support  of  such  objects  on  the  part  of  the 
state  or  of  the  college.  As  a  matter  of  fact,  the  experiment 
station  has  taken  from  the  college,  to  a  great  extent,  the 
work  incumbent  on  it  in  the  state  law  regarding  the  Agri- 
cultural College.  Thus,  while  the  United  States  law  pre- 
vents the  use  of  the  Hatch  fund  for  the  support  of  the  col- 
lege, it  is  not  improper  for  the  funds  of  the  college  to  be 
used  for  purposes  of  investigation,  if  it  is  thought  proper 
by  the  board.  The  location  of  the  station  in  connection  with 
the  college  has  thus  been  of  mutual  benefit,  as  it  has  enabled  * 
the  station  to  use  more  or  less  of  the  equipment  of  the  col- 
lege, and  has  also  enabled  the  college  to  carry  on  the  investi- 
gations which  otherwise  it  might  not  have  been  able  to  do. 

The  results  of  the  investigations  are  distributed  by 
means  of  bulletins,  reports,  lectures,  correspondence,  and 
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personal  conferences.  The  annual  reports  are  required  by 
law  of  congress.  They  are  printed  in  limited  editions,  as  they 
largely  contain  administrative  and  technical  features  not  of 
general  value,  but  which  ought  to  be  placed  on  record.  It 
is  desired  to  make  these  reports  the  depositories  of  such  ma- 
terial and  observations  as  should  be  placed  on  public  rec- 
ord, and  to  make  the  bulletins  prepared  for  distribution  cor- 
respondingly briefer  and  more  free  from  technical  matter. 

The  bulletins  are  issued  from  time  to  time.  At  least  four 
must  be  issued  annually.  The  regular  edition  has  been  7,000 
copies;  there  are  6,000  names  on  our  bulletin  mailing  list. 
The  press  bulletins  form  another  series  that  has  recently 
been  started.  The  plan  will  probably  deserve  development. 
The  object  of  these  bulletins  is  to  give  opportunity  for  re- 
ports of  progress  and  the  distribution  of  information  which 
needs  to  be  sent  out  at  once.  As  the  number  of  agricultural 
journals  in  the  state  is  small,  it  may  be  desirable  to  distribute 
these  more  generally  than  has  been  done.  As  it  has  been, 
such  a  bulletin  as  the  one  on  sugar  beet  insects  was  sent  to 
every  sugar  beet  grower  in  the  state  whose  address  we  had, 
and  was  distributed  by  the  oflBcers  of  the  sugar  beet  com- 
panies. The  one  on  "Russian  Thistles  as  Forage"  was  dis- 
tributed throughout  eastern  Colorado.  The  station  has  also 
published  weekly  a  short  report  of  the  stage  of  water  in  the 
river,  called  "Poudre  River  Bulletins."  This  information  is 
acquired  by  the  station  in  pursuance  of  other  investigations, 
and  this  form  of  publication  was  taken  to  make  the  informa- 
tion immediately  available  for  those  who  could  use  it. 

In  distributing  the  bulletins  it  is  very  desirable  to  reach 
as  many  of  the  people  of  the  state  who  can  use  them  as  pos- 
sible. As  the  fund  is  supplied  by  the  United  States,  it  has 
not  been  thought  proper  to  refuse  requests  from  applicants 
wherever  located.  It  is  undoubtedly  true  that  a  large  num- 
ber of  the  bulletins  are  not  used.  It  does  not  seem  advisable, 
at  present,  to  classify  the  list  and  send  bulletins  to  those  who 
seem  most  likely  to  need  them.  Experience  shows  that  the 
greatest  benefit  from  the  bulletins  is  obtained  in  the  most 
unexpected  quarters.  The  profuseness  with  which  nature 
distributes  seed,  in  order  that  a  few  may  grow,  suggests  that 
we  have  no  reason  to  be  discouraged  if  many  of  our  publica- 
tions do  not  find  favorable  lodgment. 

A  very  important  and  sometimes  burdensome  means  of 
sending  information  is  through  correspondence.  Each  mem- 
ber of  the  station  stafif  receives  many  inquiries  more  or  less 
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germane  to  their  line  of  work.  Most  of  such  inquiries  come 
to  the  office  of  the  director,  and  are  referred  to  the  oth» 
members  of  the  staff  for  answer.  Wherever  possible,  it  has 
been  the  policy  of  the  station  to  answer  all  inquiries,  or  to 
place  the  inquirer  in  the  way  of  obtaining  the  information 
sought. 

The  farmers'  institutes  form  a  well-recognized  means  of 
reaching  the  local  public.  The  demands  have  not  been  of 
such  extent  as  to  be  particularly  burdensome  on  the  workers 
of  the  station.  While,  sometimes,  the  time  and  preparation 
required  is  regretted,  attendance  on  these  institutes  have 
compensating  advantages  for  placing  the  work  in  more  di- 
rect contact  with  various  communities,  and  in  enabling  the 
worker  to  learn  of  the  extent  of  the  questions  which  may  heed 
investigating. 

Some  of  the  eastern  stations  have  taken  up  the  work 
along  the  line  known  as  nature  study.  Of  these,  the  most 
prominent  is  Cornell,  which  has  done  work  of  value  for  sev- 
eral years.  It  is  doubtful  if  the  Hatch  fund  could  be  used 
for  this  purpose,  but  it  would  seem  proper  that  the  station 
should  be  the  medium  for  this  work  if  it  be  so  desired.  Cor- 
nell has  freely  aided  in  such  work  in  many  states  outside  of 
their  own  boundaries.  As  the  work  is  carried  on  by  state 
appropriation,  it  feels  unable  to  carry  on  its  work  in  Colo- 
rado, and  has  suggested  that  we  take  hold  of  the  work  here 
where  it  leaves  off. 

The  past  year  has  been  ithe  first  of  the  station  under  the 
organization  adopted  last  winter,  on  the  lines  recommended 
by  the  department  of  agriculture.  The  investigations  car- 
ried on  have  been  along  fewer  lines,  and  have  tended  toward 
finishing  some  of  the  numerous  minor  lines  which  have  been 
carried  on  in  previous  years.  The  work  of  each  member  of 
the  staff  has  been  of  high  quality  and  extensive  in  amount. 
Fi^e  regular  bulletins  have  been  published,  aggregating  216 
pages;  also  four  press  bulletins  and  twenty-six  river  bullet- 
ins. The  annual  report  consisted  of  114  pages.  The  amount 
of  printed  matter  distributed  in  these  ways  has  been  nearly 
one  and  one-half  million  pages. 

The  entomologist  has  carried  on  important  investiga- 
tions with  the  codling  moth,  and  also  important  work  on  the 
grasshoppers  of  the  state,  as  well  as  in  the  apiary.  The  chem- 
ist has  issued  the  second  part  of  the  soil  study  on  sugar  beets, 
and  has  a  large  amount  of  important  investigational  work 
still  to  be  published.    It  is  gratifying  to  know  that  this  sta- 
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tion  was  one  of  the  first  to  b^n  investigations  with  sugar 
btets  and  their  adaptability  to  our  conditions.  Ten  bulletins 
on  this  subject  have  been  printed^  the  first  being  issued  in 
1889.  The  work  of  the  station  along  this  line  has  had  much  to 
do  with  convincing  both  the  people  and  investors thatthestate 
was  well  adapted  to  this  industry.  The  gratifying  results 
of  the  recent  factories  in  eastern  Colorado  have  more  than 
borne  out  the  claims  of  the  station,  and  have  resulted  in  get- 
ting Colorado  a  profitable  industry.  The  irrigation  engi- 
neering section  has  continued  its  seepage  measurements  in 
the  Arkansas  valley,  on  the  Rio  Grande,  the  tributaries  of 
the  Platte,  and  the  TJncompahgre.  Some  eight  hundred 
miles  of  measurements  of  this  character  have  been  made, 
also  additional  measurements  on  the  duty  of  water.  This 
section  has  a  large  amount  of  material  awaiting  publication. 

The  resignation  of  the  agriculturist,  and  the  absence  and 
resignation  of  the  horticulturist,  have  made  a  break  in  the 
work  of  these  sections,  so  that  less  has  been  done  than  would 
ordinarily  be  shown. 

During  the  year  the  sub-stations  at  Rocky  Ford  and 
Cheyenne  Wells  have  been  in  operation,  under  the  plans 
adopted  in  the  spring.  An  important  part  of  the  work  of 
the  superintendents  was  to  be  outside  of  the  grounds  of  the 
sub-stations  in  investigating  the  various  problems  of  these 
localities.  The  sub-stations  thus  form  a  means  through  which 
the  main  station  can  reach  out  its  hand  to  these  localities 
and  come  in  contact  with  the  problems  affecting  them.  In 
both  cases  the  change  in  plans  has  been  more  than  justified. 
The  superintendent  of  the  Plains,  sub-station  visited  a  large 
part  of  eastern  Colorado,  and  made  important  investigations. 
The  superintendent  of  the  Arkansas  Valley  sub-station  also 
visited  dififerent  parts  of  that  valley,  and  carried  on  helpful 
work  on  the  problems  of  sugar  beets  and  the  cantaloupe  in- 
dustries. 

The  department  of  agriculture  has  given  notification 
that  it  will  not  sanction  the  expenditure  of  the  Hatch  fund 
at  the  Plains  station  after  the  present  season  on  the  former 
plan.  The  changed  methods  and  the  investigation  of  the 
problems  of  the  plains,  rather  than  the  expenditure  for  farm 
operations,  seem  to  meet  their  objection,  and  we  may  doubt- 
less still  continue  such  investigations. 

The  sub-station  near  Monte  Vista  was  located  on  land 
belonging  to  the  state,  with  title  conditional  to  its  use  for 
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experimental  purposes.  With  the  practical  abandonment  of 
this  sub-station,  the  state  land  board  has  called  for  the  re- 
turn of  the  land  to  the  state,  and  has  leased  the  land  to  other 
parties.  A  committee  was  appointed  by  the  board  to  dispose 
of  the  property  at  that  place  belonging  to  the  station.  A  re- 
port of  the  result  has  not  yet  been  rendered. 

The  land  of  the  sub-station  on  the  divide,  near  Monu- 
ment, was  also  furnished  conditionally,  but  the  title  became 
vested  in  the  station  after  the  expiration  of  ten  years.  The 
ten  years  expired  in  September.  Efforts  have  been  made  to 
purchase,  but  the  arrangements  have  not  been  completed  at 
this  date. 

With  the  accumulation  of  records,  the  loss  from  possi- 
bility of  fire  becomes  greater.  Many  of  the  records  could  not 
be  replaced.  The  experience  of  other  stations,  as  in  West 
Virginia,  Georgia,  and  California,  which  have  lost  all  their 
accumulated  files  and  records,  shows  that  this  is  more  than  a 
possibility.  A  fire-proof  vault  in  each  of  the  sections  having 
any  accumulation  of  records  is  very  desirable,  especially  so 
in  the  oflSce  of  the  director. 

Respectfully  submitted, 

L.  G.  CARPENTER, 

Director. 
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REPORT  OF  VETERINARY  SCIENCE  DEPARTMENT. 


The  State  Board  of  Agriculture  : 

Gentlemen — The  work  in  veterinary  science  has  con- 
sisted essentially  ill  class  room  lectures  and  clinics  at  the  col- 
lep^e  barn,  there  being  very  little  opportunity  for  original  in- 
vestigation. 

When  first  assuming  the  duties  of  veterinarian  at  the  col- 
lege, the  question  of  how  to  accomplish  the  most  with  the  lim- 
ited means  at  hand,  and  with  the  brief  time  that  could  be 
spared  for  this  work  (the  curriculum  being  already  full),  fur- 
nished subject  for  some  earnest  contemplation. 

There  being  no  text  books  published  at  all  applicable  for 
such  a  brief  course  of  instruction,  it  was  decided  to  give  lec- 
tures covering  each  branch  of  the  work  undertaken,  and  sup- 
plemented by  practical  instruction  at  the  barn. 

Early  in  the  fall  a  free  clinic  was  advertised,  and  the 
farmers  and  stockmen  of  Fort  Collins  and  vicinity  readily  re- 
sponded, resulting  in  a  mutual  benefit,  a  large  number  of 
most  interesting  cases  being  brought  .to  the  attention  of  the 
students,  and  the  owners  of  live  stock  receiving  my  advice 
and  prescriptions  gratis. 

The  work  taken  up  includes  anatomy  of  domestic  ani- 
mals, diseases  common  to  farm  animals,  lameness  and  princi- 
ples of  horseshoeing,  contagious  and  epizootic  diseases  com- 
mon to  the  West,  and  a  short  course  of  bacteriology. 

Considering  the  comparatively  insignificant  pretensions 
of  this  branch  of  the  college  work  and  the  slight  expense  en-* 
tailed,  I  feel  that  all  has  been  accomplished  that  could  rea- 
sonably be  expected. 

Some  misdirected  efforts  in  the  care  of  the  live  stock  on 
the  farm  has  been  corrected  under  the  new  regime,  and  the 
testing  and  subsequent  dissecting  of  the  diseased  cattle  have 
furnished  most  wholesome  instruction  for  the  students,  and 
will  leave  the  herd  clean  and  one  of  which  the  institution  can 
justly  be  proud. 

The  work  accomplished  suggests  more  forcibly  than  ever 
the  need  of  enlarging  upon  this  branch  of  instruction. 
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In  judging  of  this  work  and  its  possibilities,  we  must 
not  be  con^ied  to  what  veterinary  medicine  does  for  the  live 
stock  industry  from  a  commercial  sense  in  protecting  the 
animal  wealth,  but  must,  take  cognizance  of  the  broader 
sphere  of  usefulness  in  what  the  science  does  for  the  health 
and  lives  of  the  people  themselves. 

There  is  no  subject  extant  that  furnishes  greater  oppor- 
tunities for  scientific  investigation  for  the  immediate  and 
lasting  benefit  to  mankind. 

Prophylaxy  belongs  essentially  to  comparative  medicine, 
and  the  two  branches,  human  and  veterinary,  are  inseparable. 

Micro-organisms,  which  are  responsible  for  our  many 
ills,  must  be  studied  in  the  lower  animals  as  well  as  in  man,  if 
at  all,  and  the  bond  of  inseparable  usefulness  in  the  protec- 
tion of  the  public  health  has  been  sealed  by  the  discovery  of 
the  antitoxin  principles  of  serum  therapy.  The  immunizing 
of  animals  against  fatal  contagious  diseases ;  the  certain  de- 
tection of  latent  diseases  which  can  not  be  known  by  physical 
symptoms,  and  their  early  isolation,  before  they  have  spread 
their  disease  germs  among  their  kind,  or  even  to  the  human 
family;  the  cure  of  some  diseases  by  the  administration  of 
repeated  doses  of  attenuated  virus,  and  the  prevention  of  dis- 
ease by  their  early  administration,  are  phases  of  the  role  of 
veterinary  science  and  give  us  a  glimpse  of  its  possibilities. 

But  for  tuberculin  we  never  should  have  even  suspi- 
cioned  the  existence  of  tubercular  consumption  in  the  few 
Jerseys  in  the  college  herd,  and  the  bacilla-laden  milk 
would  have  continued  to  be  used  as  human  food.  This  thing 
is  going  on  to  an  alarming  extent  all  over  the  state  and  the 
whole  country. 

The  dairies,  especially  in  the  suburbs  of  our  large  cities, 
are  milking  consumptive  cows  and  peddling  the  milk,  and  in 
many  cases  without  restraint,  and  yet  the  authorities  attach 
severe  penalties  to  the  case  of  the  man  who  adds  a  little  ditch 
water  to  his  milk  to  keep  up  the  supply. 

This  thing  is  going  on  all  over  the  country,  notwithstand- 
ing the  fact  that  it  is  now  generally  agreed  by  those  informed 
that  this  is  the  greatest  source  of  consumption  in  the  human 
family.  Mallein  is  used  successfully  in  diagnosing  glanders 
in  the  horse  long  before  any  symptoms  are  manifest;  vaccine 
employed  to  protect  mankind  from  smallpox;  tetanus  anti- 
toxin in.  the  treatment  of  lockjaw ;  diphtheria  antitoxin  for 
diphtheria,  as  well  as  antitoxins  successfully  employed  in . 
anthrax,  rabies  and  many  other  diseases. 
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» 

The  yalue  of  animal  serums  employed  for  diagnostic, 
prophylactic  and  therapeutic  purposes,  to  mankind,  can  not 
be  estimated. 

On  the  other  hand,  there  is  a  grieyous  loss  to  the  farmer 
and  stockman  from  losses  incident  to  the  common  ailments 
and  accidents  of  live  stock,  and  which  in  the  aggregate  is 
enormous.  I  find  the  better  class  of  farmers  have,  through 
the  agencies  of  the  Agricultural  College,  farmers'  institutes, 
farm  journals,  etc.,  become  generally  possessed  of  consider- 
able knowledge  of  the  value  of  foodstuffs  and  fertilizers,  and 
are  studying  these  things,  but  are  lamentably  ignorant  on  the 
practical  usages  of  veterinary  science. 

Circumstances  have  compelled  me  to  limit  my  instruc- 
tion almost  exclusively  to  this  latter  branch  of  the  work. 

Very  respectfully, 

GEO.  H.  GLOVER. 
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LETTER  OP  TRANSMITTAL. 


To  His  Exobllenoy^ 

CHARLES  S.  THOMAS, 

GOVBBNOE  OF  COLOEADO: 

In  accordance  with  the  act  of  congress,  which  requires  a 
full  and  detailed  report  of  the  operations  of  the  experiment 
station  to  be  made  annually  to  the  governor,  I  have  the  honor 
to  present  herewith  the  thirteenth  annual  report.  The  finan- 
cial statement  is  for  the  United  States  fiscal  year,  ending 
June  30,  the  other  operations  being  reported  substantially 
for  the  calendar  year. 

Respectfully  submitted, 

L.  G.  CARPENTER, 

Director. 

The  Agricultural  Exi)eriment  Station, 
gtate  Agricultural  Collep:o, 
Fort  Collins,  Colorado, 
December  22,  1900. 
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SECRETARY'S   FINANCIAL   STATEMENT 

OF   THE 

EXPERIMENT  STATION  FUNDS. 


FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1900. 


RECEIPTS. 

Hatoh         Special 
Fund.  Fund.  Total. 


United  States  treasurer 115.000  00  

Balance  on  hand  July  1,  1899 9     391  89 

Rent,  farm  and  miscellaneous  sales 1,183  22 


Total $16,000  00       I  1,524  91  $16.524  91 

DISBURSEMENTS. 

Salaries   $10,394  06       $     372  12  $10,766  18 

Labor    2,320  18  116  30  2,436  48 

Publications 644  90  38110  1,026  00 

Postage   and   stationery 194  00  16  28  210  28 

Freight  and  express 83  14  165  8479 

Heat,    light    and    water 2  08  3  30  5  38 

Seeds,   plants  and  sundry   supplies 266  29  24  68  289  97 

Fertilizers    55  06             65  06 

Feeding   stuffs 14  00  60  14  60 

Library    10  75             10  75 

Tools,  implements  and  machinery 12856  725  135  81 

Furniture  and  fixtures 4664  3230  7894 

Scientiflc   apparatus 81  03  260     .  8353 

Live  stock 4275             42  75 

Traveling  expenses 662  13  97  10  749  23 

Contingent    expenses 6400             6400 

Buildings   and   repairs 61  44  162  26  213  70 


$15,000  00       $  1.207  44       $16,207  44 
Balance  on  hand  July  1,  1900 317  47  317  47 


Totals $1,524  91       $16,524  91 
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REPORT  OF  THE  DIRECTOR 


The  agricultural  experiment  station,  in  accordance  with 
the  law  of  congress,,  is  made  a  department  of  the  State  Agri- 
cultural College.  By  its  fundamental  act  the  Agricultural 
College  was  required  to  do  considerable  experimental  work, 
so  that  the  passage  of  the  Hatch  act  by  congress  did  not  in- 
augurate agricultural  experimentation  at  the  Agricultural 
College  but  endo>yed  work  for  that  particular  purpose.  In 
furnishing  this  annual  income,  the  government  made  certain 
conditions,  which  were  accepted  by  the  state  legislature  by 
act  of  1889. 

The  experiment  station  is  the  special  organization  for 
carrying  on  the  work  of  experimentation  and  as  distinct  from 
that  of  teaching.  Nearly  every  member  of  the  stafiE  of  the 
experiment  station  is  also  on  the  staff  of  instruction,  and 
where  this  is  the  case,  the  salary  is  borne  jointly  by  the  two 
funds.  While  sometimes  the  demands  of  the  station  work 
and  those  of  instruction  seem  to  conflict,  there  is  no  doubt 
that  the  association  of  the  college  and  station  has  been  of 
benefit  to  each;  to  the  station  because  it  has  thus  found  an 
organization  already  in  existence,  with  high  ideals,  with 
equipment  of  building  and  libraries,  and  much  apparatus 
available  for  investigation;  and  to  the  college  because  it  se- 
cures the  inspiration  which  comes  only  from  contact  with 
scientific  problems  at  first  hand.  The  connection  has  en- 
abled both  to  secure  men  which  neither  could  alone.  It  has 
also  enabled  the  college  to  meet  one  of  the  purposes  of  insti- 
tutions of  learning — the  development  as  well  as  the  dissemi- 
nation of  knowledge. 

•  The  station  has  it  own  executive  head,  termed  the  direc- 
.tor.  Since  September,  1899,  this  has  been  separate  from  the 
presidency  of  the  college,  as  the  experience  of  other  states 
has  shown  to  be  desirable.  The  director  is  the  official  head  of 
the  station,  has  charge  of  matters  relating  to  it,  the  authoriza- 
ti6n  of  expenditures,  preparation  of  plans  in  conference  with 
the  staff,  and  subject  to  the  approval  of  the  executive  corn- 
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inittee.  As  the  station  as  a  whole  is  termed  a  department 
of  the  college,  the  branches  of  the  station  have  been  termed 
sections,  directed  by  a  specialist  The  oflBcers  are  the  agri- 
culturist, the  horticulturist,  the  chemist,  the  entomologist 
and  the  irrigation  engineer,  with  assistants.  There  are  two 
substations — one  in  the  Arkansas  valley  at  Rocky  Ford,  one 
on  the  plains  at  Cheyenne  Wells. 

The  regulations  of  the  station,  as  established  by  the 
State  Board  of  Agriculture,  and  substantially  following  the 
suggestions  laid  down  by  Director  A.  C.  True,  of  the  office 
of  experiment  stations  of  the  Department  of  Agriculture,  are 
given  in  full.  As  compared  with  the  previous  loose  organiza- 
tion, they  place  added  responsibility  on  the  director,  and  give 
him  correspondingly  greater  power. 


REGULATIONS  OF  THE  STATE  BOARD  OF  AGRICULTURE  GOVERNING 
•  THE  EXPERIMENT  STATIONS. 

^^Resolvedy  That  the  following  communication  from  the 
Director  of  Experiment  Stations  of  the  United  States  be 
spread  on  the  records  and  adopted,  as  expressing  the  future 
policy  of  the  board  regarding  the  work  and  organization  of 
the  experiment  station: 

U.  S.  Department  of  Aobicultttbe, 
Office  of  Expebiment  Stations, 

Washington,  D.  C,  August  19,  1899. 
HON.  P.  P.  SHARP, 

President  of  the  Board  of  Agriculture,  Denver,  Colo.: 
Dear  Sir — Referring  to  our  recent  conversation  regarding  the  organ- 
*  ization  and  work  of  the  Colorado  Experiment  Station,  it  seems  to  me 
that  the  following  points  should  especially  engage  the  attention  of  the 
governing  board  in  considering  the  reorganization  of  the  station: 

1.  The  station  is,  under  the  law,  a  department  of  the  college,  and  as 
such  should  have  an  organization  which  will  consolidate  it  and  enable  it 
to  work  as  a  unit.  Experience  shows  that  this  can  best  be  done  by  giving 
the  station  its  own  executive  head  (a  director),  and  organizing  a  staff  to 
work  under  his  immediate  direction. 

2.  The  director  should  be  made  fully  responsible  for  the  planning 
and  carrying  out  of  the  work  of  the  station,  for  its  expenditures  and 
publications,  and  for  the  management  of  all  business  details,  and  he 
should  be  given  ample  authority  for  these  purposes.  The  board  should 
look  to  him  for  the  initiative  in  all  matters  relating  to  the  station,  includ- 
ing the  nomination  of  members  of  the  stafT,  and  should  ordinarily  confine 
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itself  to  the  appointment  of  the  officers  of  the  station  and  passing  upon 
the  plans  for  work  and  expenditures  submitted  by  the  director,  through 
the  president  of  the  college,  and  auditing  accounts.  The  director  and  other 
chief  officers  of  the  station  should  be  chosen  to  serve  during  good  behavior 
and  efficiency,  and  the  plans  of  work  and  expenditures  should  be  submitted 
to  the  board  annually. 

3.  The  members  of  the  staff  should  be  individually  responsible  to 
the  director  as  regards  station  work  and  should  be  held  to  the  perform- 
ance of  work  ordered  by  the  director,  which  would  often  involve  the  co- 
operation of  several  members  of  the  staff.  As  members  of  the  station 
staff,  the  professors  should  be  distinctly  subordinate  to  the  director.  In 
this  respect  they  should  hold  a  difTerent  position  as  regards  station  work 
from  that  which  they  hold  as  instructors  in  the  college.  Thus,  the  pro- 
fessor of  chemistry  is  the  head  of  the  department  of  chemistry  of  the 
college,  as  far  as  instruction  goes,  and  as  such  is  subordinate  only  to  the 
president  of  the  college,  but  as  chemist  of  the  station  he  should  act  under 
the  orders  of  the  director. 

4.  The  station  council  should  be  simply  an  advisory  body,  holding 
meetings  for  consultation  on  station  interests,  but  voting,  if  at  all, 
merely  to  express  opinions. 

6.  The  general  plan  of  expenditures  should  be  ^  drawn  up  annually 
by  the  director  after  consultation  with  members  of  the  stafT,  and  approved 
by  the  board.  This  should  include  estimates  for  salaries,  expenses  of 
the  several  departments,  publications,  etc.  There  should  always  be  a  cer- 
tain reserve  fund,  to  be  spent  at  the  discretion  of  the  director,  to  meet 
emergencies  arising  during  the  year. 

Expenditures  should  be  made  on  requisition  drawn  by  the  different 
members  of  the  stafP  and  approved  by  the  director,  and  all  bills  should  be 
approved  before  payment  by  the  director.  The  accounts  and  vouchers 
for  each  year  should  be  finally  audited  and  endorsed  by  a  committee  of 
the  governing  board. 

6.  The  main  work  of  the  station  should  be  along  one  or  two  lines, 
and  all  members  of  the  staff  should  co-operate  in  this  work  as  far  as 
practicable.  This  need  not  exclude  smaller  pieces  of  work  in  a  few  other 
lines,  and  it  is  well  for  each  department  to  have  some  work  in  which 
it  alone  is  concerned.  In  Colorado  it  seems  natural  and  desirable  that 
the  station  should  concentrate  its  work  on  irrigation  problems,  and  it 
should  be  a  leading  authority  on  these  problems. 

*  Plans  for  the  work  should  be  carefully  drawn  up  annually  by  the 
director,  after  consultation  with  members  of  the  stafT.  and  when  approved 
by  the  board  should  be  carried  out  carefully  and  vigorously.  Careful  at- 
tention should  be  given  to  the  proper  recording  of  work,  and  the  station 
records  should  be  preserved  in  fireproof  safes  or  vaults. 

7.  All  the  work  of  the  station,  wherever  conducted  (whether  at  Fort 
Collins  or  in  other  localities  in  the  state),  should  be  under  the  immediate 
charge  of  the  director,  or  such  member  of  the  stafT  as  he  may  assign  to 
have  charge,  and  the  director  should  be  made  responsible  for  the  manage- 
ment of  all  work  without  regard  to  locality.     Sub-stations  are  not  con- 
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templated  by  the  Hatcb  act,  and  have  generally  proved  very  expensive 
and  of  little  value,  those  in  Colorado  not  being  exceptions  to  the  rule. 

The  station  should  work  for  the  general  interests  of  the  agriculture 
of  Colorado  and  should  carry  on  its  investigations  wherever  they  can  best 
be  prosecuted,  but  should  be  free  to  move  its  field  work  from  point  to  iK>int 
as  the  requirements  of  the  work  may  demand.  It  is  not  fair  to  the 
farmers  of  the  state  to  maintain  expensive  sub-stations  in  two  or  three 
fbvored  localities.  The  amount  of  field  work  to  be  done  at  Fort  Collins 
should  be  determined  by  the  nature  of  the  investigations  pursued  by  the 
station  at  any  time  and  may  be  relatively  small.  If  the  station  is  organ- 
ised to  pursue  a  series  of  special  investigationa  for  the  benefit  of  Colo- 
rado agriculture  there  will  be  little  difllculty  in  deciding  where  the  work 
can  best  be  done.  The  location  of  the  work  in  any  given  instance  should, 
of  course,  be  left  to  the  director  and  other  expert  ofllcers  of  the  station. 

I  am  not  sure  I  have  covered  all  the  points  you  desired  me  to  touch 
upon.    I  shall,  of  course,  be  glad  to  write  you  further  at  any  time. 
Very  respectfully  yours, 

(Signed)  A.  C.  TRUE. 


Resolved,  That  in  order  to  carry  the  foregoing  recom- 
mendations into  effect,  the  following  regulations  be  adopted : 

1.  That  the  experiment  station  shall  be  a  department 
of  the  college  (as  provided  by  law),  with  the  director  as 
the  responsible  head.  The  heads  of  the  sections,  with  the 
president  of  the  college  and  the  secretary  of  the  State  Board 
of  Agriculture,  shall  constitute  the  advisory  council  to  meet 
with  the  director  from  time  to  time  for  mutual  consultation 
and  consideration  of  station  interests. 

2.  Excepting  for  the  year  1900,  for  which  year  the 
executive  committee  will  act,  in  March,  for  the  board,  the 
director  shall  prepare  and  submit  to  the  board,  at  its  annual 
(December)  meeting,  after  consultation  with  members  of 
the  staff,  plans  for  the  station  work  and  estimates  for  the 
expenditures  for  the  following  year.  After  approval  by  the 
board,  it  shall  be  the  duty  of  the  director  to  see  that  such 
plans  are  duly  carried  out,  and  thereafter,  such  work  wher- 
ever carried  on  shall  be  under  his  immediate  charge,  or 
such  member  of  the  staff  as  he  may  assign  to  it. 

3.  Expenditures  from  the  funds  under  station  control 
shall  be  on  requisition  signed  by  the  director,  an&  the  bills 
approved  by  him  before  being  audited  by  the  executive  com- 
mittee and  paid.  In  the  absence  of  the  director  at  or  near 
the  close  of  the  month,  some  other  member  of  the  staff  may 
be  designated  by  him  to  act  in  his  stead  in  this  regard. 
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4.  Bulletins  or  other  r^ular  publications  of  the  sta- 
tion shall  be  printed  on  the  approval  of  the  director  and  au- 
thorization of  the  executive  committee.  The  printing  of 
these  shall  be  done^  where  possible^  on  contracts  made  by 
the  director  at  the  lowest  figure  obtainable  on  competitive 
bids  for  such  work  upon  uniform  specifications. 

5.,  That  the  director  of  the  station  be  authorized  and 
instructed  to  lease  such  portions  of  the  lands  now  held  by 
the  State  Agricultural  College  for  experimental  purposes, 
as  are  not  needed  for  scientific  experimentation.*  Further, 
that  such  land  shall  be  leased  only  on  condition  that  the 
lessees  thereof  shall  keep  and  report  to  the  director  a  com- 
plete record  of  the  sowing,  irrigation,  cultivation  and  yield 
of  the  crops  grown  on  such  lands. 

6.  Further,  that  the  director  be  instructed  to  inaugu- 
rate and  maintain  throughout  the  station  work  a  funda- 
mental and  comprehensive  system  of  experimentation  along 
the  line  of  irrigation  and  irrigated  agriculture  without  detri- 
ment or  prejudice  to  investigations  or  experiments  of  the  sev- 
eral sections  on  subjects  directly  concerning  their  depart- 
ments of  the  station. 

7.  All  rules  and  regulations  relating  to  the  powers  of 
the  director  or  operation  of  the  station  which  conflict  with 
the  above  resolutions,  are  repealed." 

Adopted  December,  1899. 


WORK  FOR  1900. 

Under  the  plan  of  organization  contemplated  in  the 
regulations,  the  plans  of  work  for  the  current  year  were  sub- 
mitted to  the  executive  committee  and  adopted  by  them  in 
April.  As  the  report  presented  at  that  time  and  the  sched- 
ules show  the  policy  of  the  station  and  the  conditions  under 
which  the  station  acted,  it  is  given  in  full,  as  it  gave  some 
discussion  of  the  conditions. 

"Before  giving  the  schedules  of  work  of  the  experiment 
station,  it  is  desirable  to  call  attention  to  the  general  situ- 
ation of  the  station  and  the  changes  introduced  by  the  recent 
legislation  of  the  board. 

There  have  been  five  specialists  working  separately  and 
independently.  The  two  substations  may  also  be  added. 
Each  has  been  doing  earnest  work,  but  on  his  own  line  of 
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investigation,  almost  without  relation  to  any  of  the  others. 
As  every  question  has  various  sides,  and,  for  a  complete  in- 
vestigation, needs  the  work  of  several  specialists,  this  policy 
has  prevented  the  cumulative  influence  of  work  from  various 
sections.  In  other  words,  there  has  not  been  one  station, 
but  seven  stations.  As  I  take  the  instructions  of  the  board, 
following  the  recommendations  of  Doctor  True,  they  tend 
to  unite  the  work  without  destroying  the  individuality  of 
the  worker. 

If  station  experience  shows  anything,  it  is  that  the  lines 
of  investigation,  whether  of  the  station  or  of  the  separate 
workers,  should  be  few  in  number  and  should  be  carried 
along  some  principal  line;  and  that  each  investigation  should 
be  carried  to  completion  before  seriously  beginning  another. 

Colorado  is  so  rich  a  scientific  field  that  every  worker 
has  been  tempted  to  attempt  too  many  investigations.  The 
result  has  been  a  spreading  of  the  efforts  to  such  an  extent 
that  the  progress  of  one  investigation  is  blocked  by  the  de- 
mands of  the  other.  We  thus  have  a  great  many  lines  of  in- 
vestigation in  which  something  has  been  done  for  a  series  of 
years.  Hence,  as  a  matter  of  business  sense,  without  regard 
to  the  importance  of  the  investigations  themselves,  it  is  de- 
sirable to  carry  these  inquiries  to  completion,  in  order  to 
obtain  the  benefit  of  the  time  and  money  already  expended. 

The  field  is  so  broad,  and  there  are  so  many  interests 
which  want  investigation,  that  (a)  evidently  we  must  omit 
or  postpone  many  questions,  or  take  them  up  incidentally; 
(b)  among  them  to  chose  more  especially  those  which  are 
peculiar  to  the  state,  utilizing  the  results  of  other  states 
where  possible,  or  leave  to  the  stations  of  other  states  the 
investigations  which  those  stations  can  or  will  take  up;  (c) 
carry  on  fewer  investigations,  but  carry  them  to  completion; 
(d)  in  the  case  of  the  substations,  to  cause  them  to  supple- 
ment the  work  of  the  main  station,  systematize  their  records, 
and  make  their  work  available  to  the  main  station. 

Our  peculiar  questions,  where  we  can  best  add  to  the 
general  scientific  and  practical  knowledge,  and  wherein  we 
can  get  the  least  help  from  other  sources,  are  along  the  lines 
growing  from  the  methods  of  agriculture;  i.  a,  by  irriga- 
tion. Water  is  an  element  in  plant  growth  as  essential  as 
nitrogen;  hence,  while  Eastern  stations  are  searching  for 
manures  containing  nitrogen,  we  are  led  by  just  as  great 
necessity  to  hunt  for  water.     The   search    for   nitrogen  is 
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largely  a  chemical  question;  that  for  water  involves,  to  a 
greater  or  less  extent,  engineering  questions.  Some  of  the 
most  important  inquiries  along  these  same  lines  lie  in  the 
domain  of  the  chemist,  the  botanist,  and  the  agriculturist. 
Incidentally,  there  are  other  questions  which  are  peculiar  to 
our  state,  or  to  the  present  conditions.  Where  the  studies 
elsewhere  can  solve  the  questions  here  arising,  it  is  better 
to  leave  those  to  other  stations. 

The  plains,  covering  nearly  one-third  of  the  state,  jus- 
tify a  more  systematic  investigation  into  their  possibilities. 
This  is  likely  to  be  a  question  long  of  solution,  and  we  should 
not  be  disappointed  if  a  great  deal  of  practical  value  does 
not  result  Still,  the  extensive  area  involved  justifies  a  ser- 
ious study.  The  necessity  of  maintaining  a  substation  at 
Cheyenne  Wells,  and  the  expense  involved,  hampers  rather 
than  aids  the  main  inquiry.  A  considerable  part  of  the  most 
valuable  w^ork  can  best  be  investigated  in  the  laboratory,  or 
by  examination  of  the  specialists  here. 

The  questions  of  the  Arkansas,  valley  now  are  sugar 
beets,  cantaloupes,  and  the  fundamental  one  of  irrigation. 
The  San  Luis  valley  has  the  question  of  cereals  and  forage 
plants,  in  addition  to  the  questions  growing  out  of  the  water 
supply. 

The  Western  slope  needs  attention.  As  a  general  propo- 
sition, w^e  ought  to  begin  to  consider  the  special  questions 
affecting  them,  with  the  idea  that,  when  free  from  the  en- 
tanglements of  Eastern  Colorado,  some  of  their  special  ques- 
tions may  be  taken  up  with  vigor.  It  is  thought  that  some 
desirable  work  can  be  begun  this  season  along  the  line  of 
the  codling  moth. 

The  schedules  show  the  commencement  of  a  main  work 
along  the  lines  of  irrigated  as:riculture,  wherein  several  sec- 
tions are  uniting  in  work  of  a  common  bearing.    These  are : 

1.  Continuation  of  investigations  by  the  engineering 
section  on  the  physical  questions  of  irrigation  and  water 
supply. 

2.  By  the  botanical  section,  the  starting  of  a  study  of 
the  relations  of  plants  to  water,  including  a  vast  number  of 
questions  necessary  to  understand  the  principles  of  agricul- 
ture. 

3.  The  beginning  of  a  more  extensive  investigation  on 
the  irrigation  waters  of  the  state  by  the  chemical  section. 
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There  is  a  leesening  of  the  incidental  questions  in  the 
schedule^  and,  while  secondary  questions  must  be  taken  up 
from  time  to  time,  these  are  baneful  in  their  effects  on  the 
best  work  of  the  station. 

The  schedules  submitted  are  as  f oUowti : 

SECTION   OF   METEOROLOGY  AND  IRRIGATION   ENGINEERING- 

1.  The  irrigation  questions  of  the  state,  especially  the 
duty  of  water,  the  seepage  determinations  on  various 
streams,  and  more  specific  investigations  in  the  Arkansas 
and  San  Luis  valleys,  including  chemical  analyses. 

2.  Meteorology  as  before,  with  reduction  of  some  of  the 
data  already  secured. 


SECTION.  OF  BOTANY  AND  HORTICULTURE. 

1.  A  study  of  the  relations  of  plants  to  water. 

2.  The  study  of  the  flora  of  the  state,  special  attention 
being  given  to : 

1.  The  weeds  of  the  farm  and  garden. 

2.  Grasses,  native  and  introduced. 

3.  Economic  fungi.    The  investigation  of  such  depreda- 
tions by  fungi  as  may  be  reported  to  the  station. 


CHEMICAL  SECTION. 

1.  A  study  of  the  irrigation  waters  of  the  state,  includ- 
ing work  on  Part  II  of  Bulletin  No.  46,  "A  Soil  Study.'^ 

2.  Continuation  and  completion  of  a  study  of  methods 
used  in  extracting  beeswax  from  old  combs. 

3.  Study  of  Colorado  grasses  in  co-operation  with  the 
department  of  botany. 

4.  A  digestion  experiment  with  sheep.    This  is  intended 
to  be  supplemental  to  Bulletin  No.  39. 

This  work,  already  b^un,  will  require  more  than  a  year 
for  completion. 


EXPERIMENTAL  WORK  OF   THE   AGRICULTURAL  SECTION. 

1.  Wheat — Tests  of  the  effect  of  changing  from  a  higher 
to  a  lower  altitude,  and  from  a  lower  to  a  higher;  the  same 
for  latitude,  and  for  both  combined. 
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(a)  Oats — Tests  for  the  effects  of  changes  in  altitude^ 
similar  to  those  with  wheat. 

Tests  for  the  development  of  a  variety  of  oats  with  a 
thinner  hnsk. 

2.  The  value  of  alfalfa  ensilage  for  feeding. 

3.  Land  Plaster — The  benefit  to  be  derived  from  its 
use. 

Secondary  and  Incidental. 

4.  Peas  and  Oats — ^An  endeavor  to  learn  why  peas  and 
oats  do  not  thrive  in  the  vicinity  of  Fort  Collins. 

5.  Alfalfa — Co-operative  t€sts  with  Turkestan  alfalfa. 

6.  Sugar  Beets — Tests  for  the  production  of  seed. 

7.  Feeding  Tests — ^Are  now  being  conducted  with  dairy 
cows  and  sheep. 

8.  Creameries — Collection  of  statistics. 


ENTOMOLOGICAL  SECTION. 

1.  Unfinished  Work: 

(a)  Experiments  with  the  codling  moth,  to  determine 
the  number  of  broods  in  different  parts  of  the  state^  the  rel- 
ative values  of  different  remedies,  and  to  determine  some 
points  in  life-history. 

(b)  A  study  of  the  orthoptera  (grasshoppers,  etc.)  of 
the  state.  The  object  is  to  determine  quite  fully  the  species 
that  occur  in  Colorado;  alsQ  their  range,  food-habits,  de- 
structiveness  to  cultivated  plants,  and  remedies. 

(c)  Collecting  and  rearing  insects  to  determine  food- 
habits,  life-histories,  and  the  Colorado  fauna. 

(d)  Experiments  for  the  destruction  of  miscellaneous 
insect  pests  as  opportunities  occur. 

(e)  Experiments  in  the  apiary: 

2.    Testing  different  makes  and  styles  of  comb 
foundation. 

2.  New  Work: 

(a)  A  study  of  the  disease  known  as  "Foul  Brood'^  for 
the  purpose  of  determining  whether  or  not  the  germs  and 
spores  can  be  destroyed  in  honey,  so  as  to  make  it  safe  to 
feed  the  latter  back  to  the  healthy  colony  of  bees. 
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(b)     The  beginning  of  a  study  of  insects  injurious  to 
sugar  beets  in  Colorado. 


THE  ARKANSAS  VALLEY  SUB-STATION. 

1.  The  Cantaloupe — An  extension  of  previous  work  in 
controlling  the  blight,  in  a  number  of  different  places. 

2.  Sugar  Beets — A  study  of  the  beet  in  the  various 
soils  of  the  Arkansas  valley,  and  under  diflferent  conditions. 

A  systematic  attempt  to  utilize  the  experience  of  the 
many  growers  to  determine  the  essential  treatment  and  the 
best  method  to  produce  high-grade  beets. 

3.  Experiments  with  the  codling  moth  on  one  or  more 
orchards. 

On  the  Station  Grotmds. 

Cantaloupes — 

1.  Breeding  for  improvement  by  selection  and  hand 
pollination. 

2.  Trials  of  spraying  for  control  of  insects  and  blight. 

3.  The  effect  of  diflferent  amounts  of  irrigation. 

Sugar  Beets — 

For  seed  bearing  and  production. 
With  notes  on  those  growm  by  leasers. 

Tomatoes — 

Experiments  for  control  of  blight. 

Manner  of  planting  and  pruning  as  affecting  produc- 
tion. 

Secondary  and  Ifwidental. 

Some  tests  on  potatoes,  hairy  vetch,  grasses,  and  wheat, 
with  records  on  orchards  and  fruits. 
Also  observations  in  meteorology. 


THE  PLAINS  SUB-STATION. 


1.  To  examine  the  plains  of  Eastern  Colorado  with 
wagon  and  study  the  methods  of  those  securing  a  foothold; 
and  by  personal  contact  and  inquiry  establish  the  basis  for 
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more  specific  inquiry,  especially  to  study  the  methods  of 
those  individuals  or  communities  securing  a  foothold. 

2.  To  continue  the  test  of  cultivation  and  of  varieties 
at  the  station. 

In  this  connection  to  use  about  twelve  acres  of  station 
land  for  that  purpose.  The  rest  of  the  land  to  be  continued 
in  cultivation,  substantially  as  at  present. 


A  large  part  of  the  energies  of  the  director  during  the 
past  year  has  been  given  to  the  questions  pertaining  to  that 
of  oflSce.  The  mailing  list  has  been  entirely  revised,  and 
transferred  from  the  book  form  to  a  card  index,  arranged 
by  postoflftces  and  then  alphabetically.  It  is  also  classified 
so  the  newspapers,  libraries,  exchanges  and  those  desiring 
only  special  classes  of  bulletins,  can  be  separated  at  once. 
The  mailing  list  has  materially '  grown,  but  until  the  re- 
arrangement in  method,  it  did  not  seem  desirable  to  make  a 
systematic  effort  to  increase  it.  There  are  now  about  6,500 
people  receiving  the  bulletins  regularly.  As  the  expense  is 
borne  by  United  States  appropriation,  it  has  not  seemed 
proper  to  decline  to  send  to  any  applicant  in  the  United 
States.  The  files  of  bulletins  from  other  states,  a  most  val- 
uable and  necessary  feature  of  the  office,  are  nearly  com- 
pleted. To  fill  the  vacancies  has  required  much  correspond- 
ence, and  long  search.  As  fast  as  the  files  of  any  state  are 
complete,  they  are  bound.  The  office  has  also  been  arranged 
for  the  more  systematic  preservation  of  the  current  files,  and 
for  conveniently  mailing  bulletins  from  the  office. 

During  the  year,  five  regular  bulletins  have  been  issued 
and  mailed,  and  four  are  in  press,  to  be  issued  early  in  the 
coming  year.  It  appears  that  the  list  of  issues  for  the  com- 
ing year  will  be  greater.  There  is  more  matter  in  condition 
for  preparation  for  publication,  needing  only  time  on  the 
part  of  the  author  to  prepare.  During  the  past  year  about 
a  million  and  a  half  pages  have  been  distributed. 

The  bulletins  form  one  means  of  placing  the  results  of 
the  work  of  the  station  before  the  people  interested.  So  far 
it  has  been  the  principal  one.  In  addition,  all  the  members 
of  the  staff  take  part  in  farmers'  institutes  in  different  parts 
of  the  state.  These  usually  take  place  in  the  winter  season. 
So  far  there  has  been  little  attempt  at  exercising  so  much 
control  as  would  be  involved  in  bringing  the  dates  so  as  to 
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least  disturb  the  work  of  the  station  or  the  college.  It  would 
seem  desirable  that  a  closer  supervision  be  had  in  order  that 
they  may  become  more  useful. 

The  usefulness  of  the  station  is  increased  through  the 
correspondence  of  the  various  workers.  This  is  of  consid- 
erable amount.  Whenever  inquiry  is  made,  it  is  the  policy 
of  the  station  to  give  information  asked  for,  or  to  place  the 
inquirer  on  the  way  to  a  satisfactory  reply.  The  inquiries 
often  take  much  time,  more,  perhaps,  than  the  questioner 
would  willingly  have  required.  At  the  same  time  all  legiti- 
mate correspondence  of  this  kind  is  welcomed.  It  is  felt 
that  this  correspondence  should  be  greater.  It  is  desired 
that  the  farmers  of  the  state  should  feel  free  to  ask  for  in- 
formation of  the  sta^tion,  and  should  look  to  it  for  help  in 
the  problems  which  arise. 

In  order  to  reach  many  with  information  requiring  im- 
mediate distribution,  or  of  not  sufficient  completeness  to 
warrant  a  bulletin,  a  series  of  shorter  bulletins,  called  press 
bulletins,  has  been  started.  It  is  not  intended  that  these 
shall  exceed  four  pages,  and  preferably  not  so  long  as  that. 
This  series  has  not  been  developed  with  us  as  yet,  but  it 
promises  to  be  one  means  of  reaching  many.  These  bulle- 
tins have  been  printed  in  smaller  editions  than  the  regular 
bulletins,  and  have  been  sent  to  newspapers,  and  to  selected 
names  according  to  the  subject  matter.  As  there  are  few 
papers  devoted  to  agriculture  in  this  state,  it  may  be  de- 
sirable to  extend  the  circulation  more  widely  and  to  increase 
the  number. 

For  a  number  of  years  the  irrigation  engineer  of  the 
station  has  carried  on  measurements  of  the  Cache  a  la 
Poudre  river,  and  as  the  information  obtained  weekly  was 
of  qonsiderable  value  to  the  local  community,  reports  have 
been  issued,  termed  river  press  bulletins.  These  have  been 
distributed  more  especially  in  Northern  Colorado,  but  have 
frequently  been  widely  quoted  elsewhere. 


CHANGES  IN  THE  STAFF. 


Early  in  the  spring  the  resignation  of  Prof.  W.  W. 
Cooke  was  presented  to  the  board  and  accepted,  to  take  ef- 
fect September  1.  Prof.  Cooke  became  connected  with  the 
station,  September  1,  1893,  and  for  seven  years  has  served 
as  agriculturist  of  the  station.    During  this  time  he  has  been 
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the  author  of  numerous  bulletins  issued  by  the  station,  and 
has  been  a  very  acceptable  worker  at  farmers'  institutes. 

As  his  successor,  Prof.  B.  C.  Buflfum,  of  the  Wyoming 
University,  was  elected  at  the  June  meeting  of  the  board. 
Prof.  Buflfum  graduated  from  the  Colorado  Agricultural  Col- 
lege in  1890,  and  became  assistant  to  the  irrigation  engineer 
and  meteorologist  He  resigned  the  following  spring  to  take 
a  place  at  the  University  of  Wyoming,  where  he  has  since  re- 
mained. Prof.  Buflfum  has  been  an  ardent  worker  at  that 
station,  the  results  of  his  investigations  appearing  in  numer- 
ous bulletins. 

Prof.  C.  S.  Crandall  had  been  accorded  leave  of  absence 
from  May  1,  to  visit  Europe  for  travel  and  study,  and  es- 
pecially to  visit  the  European  herbaria  to  study  the  type 
specimens  of  plants  of  some  of  the  Western  species.  He  had 
been  gone  but  a  short  time  when  his  resignation  was  received, 
an  advantageous  oflfer  from  the  United  States  Division  of 
Forestry  attracting  him  where  his  energies  could  be  concen- 
trated along  fewer  lines.  He  therefore  resigned  to  enter  the 
service,  July  1.  Prof.  Crandall  came  to  the  Colorado  Agri- 
cultural College  as  professor  of  botany  and  horticulture  and 
horticulturist  and  botanist  of  the  experiment  station,  on 
January  1,  1890,  succeeding  the  late  Professor  Cassidy,  and 
has  been  an  indefatigable  collector  and  student  of  Colorado 
botany.  The  station  and  college  possess  a  large  herbarium 
of  Colorado  plants. 

At  a  special  meeting  of  the  board,  on  July  9,  1900,  Mr. 
J.  H.  Cowen,  M.  S.,  M.  A.,  was  selected  as  his  successor.  Mr. 
Cowen  had  graduated  from  the  Colorado  Agricultural  Col- 
lie in  18&4,  and  on  the  death  of  Mr.  Hufl^ngton  was  chosen 
assistant  horticulturist.  Mr.  Cowen  had  been  an  enthusias- 
tic student  of  natural  science,  and  gave  great  help  to  the 
members  of  the  staflf  along  entomological  and  botanical  lines, 
even  before  graduation.  He  was  one  of  the  collectors  who  is 
frequently  mentioned  in  Bulletin  31  on  Hemiptera,  by  Prof. 
Gillette.  His  name  is  one  of  the  most  common  in  the  botan- 
ical collection.  Resigning  as  assistant  in  1898,  he  went  to 
Cornell  University,  where  he  received  the  degree- of  M.  A. 
in  1900,  and  was  appointed  to  a  fellowship  in  horticulture 
for  1900-01.  He  seemed  remarkably  well  adapted  for  the 
work  here,  by  taste  and  from  preparation.  His  previous 
work  here  and  his  acquaintance  with  our  conditions  made 
him  especially  fitted  for  our  work.    Prof.  Bailey  says: 
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"Mr.  Gowen's  death  was  a  great  shock  to  us.  We  thought  him  one  of 
the  best  men  whom  we  ever  had.  Of  all  the  men  whom  I  have  recom- 
mended to  position  or  who  have  been  elected  from  this  place,  I  think  that 
none  has  seemed  so  well  qualified  to  fill  the  particular  place  to  which 
he  was  chosen  as  Mr.  Cowen." 

Within  a  few  days  after  his  election  he  was  attacked 
with  appendicitis.  .  He  went  to  the  hospital  at  Ithaca,  N.  Y., 
for  an  operation,  without  a  thought  of  fatal  result.  The 
operation  seems  to  have  been  successful,  but  a  complication 
from  malignant  jaundice  caused  his  death  within  a  few 
hours,  and  the  station  and  college  loses  a  worker  in  whom 
they  had  reason  to  place  much  hope. 

At  a  special  meeting  of  the  board,  August  16,  Professor 
Wendell  Paddock  of  the  Agricultural  Experiment  Station  of 
Geneva,  N.  T.,  was  chosen  to  fill  the  vacancy  caused  by  the 
death  of  Prof.  Cowen.  Prof.  Paddock  graduated  at  the  Mich- 
igan Agricultural  College,  and  has  been,  for  a  number  of 
years,  assistant  horticulturist  at  the  Geneva  station,  where 
his  work  along  the  line  of  horticulture  has  resulted  in  numer- 
ous bulletins. 

With  the  increase  in  the  work  of  the  director's  office, 
Mr.  L.  M.  Taylor,  who  had  been  acting  as  instructor  in  type- 
writing and  stenography  in  the  commercial  department,  as 
well  as  stenographer  and  clerk  in  the  station,  found  the  com- 
bined duties  greater  than  one  could  attend  to,  and  relin- 
quished the  work  of  the  station.  Mr.  Taylor  was  found  es- 
pecially valuable  from  his  knowledge  of  the  work  of  the  sta- 
tion, as  well  as  for  his  exactness  and  skill.  Mr.  W.  R.  Head- 
den,  a  graduate  both  of  the  regular  college  course  and  of  the 
commercial  course,  was  chosen  to  fill  the  place,  and  has  been 
found  an  intelligent  and  able  help. 

With  the  first  of  January  we  lose  Mr.  Frank  L.  Wat- 
rous  from  the  station  staff.  Mr.  Watrous  has  been  connected 
with  the  station  almost  ever  since  its  organization.  In  the 
fall  of  1888  he  took  charge  of  the  Arkansas  Valley  substa- 
tion, superintended  the  laying  out  of  the  grounds  and  re- 
fall  of  1888  he  took  charge  of  the  Ark<atisas  Valley  sub-sta- 
agriculturist  in  1892.  He  has  made  an  excellent  record  in 
both  places^  and  takes  with  him  to  his  new  work  the  good 
wishes  of  those  who  have  been  associated  with  him. 

While  preparing  this  report  the  station  loses  the  ser- 
vices of  Mr.  Joseph  Lownes,  assistant  chemist,  through 
death.    Mr.  Lownes,  a  graduate  of  the  State  University  of 
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Nebraska,  and  with  former  experience  in  chemical  work  in 
one  of  the  sugar  factories  of  that  state,  became  connected 
with  the  station  as  assistant  chemist  two  years  since,  and 
proved  capable  of  every  trust  reposed  in  him.  He  clung  to 
duty  against  the  protests  of  hisi  associates  until  his  remain- 
ing strength  was  not  sufficient  to  carry  him  through  a  siege 
of  typhoid  fever. 

On  account  of  poor  health  Mr.  Carl  H.  Potter,  assistant 
horticulturist,  has  asked  for  and  been  granted  a  leave  of  ab- 
sence from  active  duty.  He  will,  however,  aid  in  the  inves- 
tigations at  his  home  in  the  fruit  regions  of  Western  Colo- 
rado. He  is  succeeded  in  active  work  by  Mr.  F.  M.  Bolfs,  a 
graduate  of  the  Iowa  Agricultural  College,  more  recently  an 
assistant  at  the  New  York  Experiment  Station,  Q^neva, 
N.  Y. 

Mr.  A.  H.  Danielson,  a  graduate  and  assistant  of  the 
University  of  Wyoming,  has  been  selected  as  assistant  agri- 
culturist, and  on  account  of  his  skill  in  photography  as  pho- 
tographer for  the  station,  to  aid  all  sections  where  photo- 
graphic illustration  is  needed. 


PUBLICATIONS. 

The  principal  publications  of  the  station  are  the  bulle- 
tins. These  have  been  issued  during  the  year  in  editions  of 
7,000  copies,  except  in  the  case  of  bulletin  56,  which  was  a 
technical  bulletin,  and  issued  in  an  edition  of  2,000  copies. 
This  class  of  publications  is  sent  to  the  whole  mailing  list, 
except  in  the  case  of  the  technical  bulletins. 

The  annual  report  to  the  governor  was  issued  in  an  edi- 
tion of  1,250  copies.  This  is  sent  to  the  other  experiment 
stations,  to  the  various  agricultural  colleges,  to  libraries 
which,  keep  a  file  of  the  station  publications,  to  newspapers 
in  Colorado,  and  to  exchanges,  and  some  individuals  on  re- 
quest. 

Press  bulletins  form  a  recent  series,  designed  as  a  means 
to  distribute  information  to  the  press  or  to  individuals,  as 
the  occasion  demands.  As  Colorado  has  few  papers  of  an 
agricultural  nature,  it  will  doubtless  be  necessary  to  give 
these  wider  distribution. 

River  press  bulletins,  a  series  issued  as  a  private  bulle- 
tin from  the  irrigation  engineering  section  for  several  years, 
but  not  as  a  station  publication  until  the  summer  of  1899. 
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These  include  information  obtained  in  certain  studies  of  that 
section^  which  was  desired  by  irrigation  interests  in  North- 
em  Colorado.  Issued  in  small  editions,  and  the  distribution 
principally  in  Northern  Colorado.  Occasionally  reprinted 
in  other  parts  of  the  state. 

The  publications  of  the  station  since,  and  including,  the 
last  annual  report  have  been  as  follows : 

The  twelfth  annual  report  to  the  governor,  114  pp., 
8  pi.,  7  cuts. 

Contents — 

Eeport  of  the  director,  12  pp. 

Letter  of  Dr.  True  on  Organization  of  Experiment  Sta- 
tion Inventory,  3  pp. 

Outline  of  work  for  1899,  7  pp. 

Report  of  agriculturist,  2  pp. 

Report  of  horticulturist  and  botanist,  5  pp. 

Report  of  entomologist,  with  notes  on  some  of  the  in- 
jurious insects  of  the  year,  4  pp. 

Report  of  chemist,  1  p. 

Report  of  meteorologist  and  irrigation  engineer  (with 
summary  of  seepage  measurements  on  various 
streams,  flow  of  the  Poudre  river,  etc.),  10  pp. 

Meteorological  tables  for  1898  and  1899, 17  pp. 

Report  of  the  Plains  sub-station,  4  pp. 

Report  of  the  Arkansas  Valley  sub-station,  with  notes 
on  crops  raised,  16  pp. 

•Record  of  the  six  years'  work  at  the  Plains  sub-station, 
16  pp. 

Bulletins. 

No.  53.  Strawberries.  28  pp.,  by  C.  S.  Crandall  and 
C.  H.  Potter.  Includes  a  summary  of  directions  for  treating 
strawberries,  and  a  report  on  the  new  varieties  which  have 
been  tested  at  the  station. 

No.  54.  Apiary  Experiments.  28  pp.,  6  plates,  by  O. 
P.  Gillette.  Tests  of  the  use  of  artificial  foundation  in  comb 
building.  Experiments  to  determine  the  extent  to  which  it 
is  used  by  the  bees  and  the  thickness  giving  the  best  results. 
Also  notes  on  substitutes  for  pollen. 


♦The  record  of  six  years'  work  at  the  Plains  sub-station  was  also 
issued  as  a  separate  report. 
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No.  55.  Forests  and  Snow.  (In  press.)  20  plates,  by 
L.  G.  Carpenter.  Gives  plates  showing  the  eo;ndition  of 
snow  in  thick  timber  and  in  this  timber  close  by,  with  some 
discussion  of  the  relation  of  forests  to  water  supply. 

No.  56.  The  Birds  of  Colorado  (a  second  appendix  to 
bulletin  37),  Technical  Series  No.  5.  60  pp.,  by  W.  W.  Cooke. 
Giving  additional  species  of  birds  found  in  Colorado,  based 
largely  on  the  Carter  collection  and  notes.  This  brings  the 
total  species  seen  in  Colorado  up  to  387. 

No.  57.  Farm  Notes.  Alfalfa,  Corn,  Potatoes  and 
Sugar  Beets.  40  pp.,  W.  W.  Cooke.  Gives  notes  on  these 
subjects  not  previously  published. 

No.  58.  A  Soil  Study.  Part  II.  The  Crop  Grown: 
Sugar  Beets,  46  pp.,  by  W.  P.  Headden.  A  continuation  of 
the  study  in  bulletin  46,  including  studies  of  the  effect  of 
manure  on  beets ;  the  drying  out  of  beets,  relation  of  richness 
of  beets  to  their  size;  composition  of  beet  ash;  effect  of 
soaking. 

No.  59.  Field  Notes  of  Trips  on  the  Plains,  J.  E.  Payne. 
(In  press.) 

No.  60.     Bush  Fruits,  C.  H.  Potter.     (In  press.) 

No.  61.  Bromus  Inermis,  F.  L.  Watrous,  H.  H.  Griffin, 
J.  E.  Payne.     ( In  press. ) 

Press  Bulletins, 

No.  1.  Issued  August,  1899,  as  a  broadside.  The  Sugar 
Beet  Caterpillar.     By  C.  P.  Gillette. 

No.  2.  Issued  April,  1900.  Colorado  Sunshine.  By  L. 
G.  Carpenter. 

No.  3.  Cantaloupe  Blight.  By  H.  H.  Griffin.  Giving 
some  results  of  treatment  with  Bordeaux  mixture.  Sent  to 
growlers  in  the  Arkansas  Valley. 

No.  4.  The  Beet  Army  Worm.  By  C.  P.  Gillette.  Gives 
cautions  and  methods  of  treatment  in  case  of  appearance  of 
this  pest. 

River  Press  Bulletins.  The  first  one  for  1900  was  is- 
sued April  24,  and  continued  weeklj'  until  October  16,  mak- 
ing twenty-six  regular  issues. 


WORK   IN   THE  STATE. 


With  the  great  area  and  diversified  conditions  of  Colo- 
rado, the  station  ought  not,  if  it  could,  confine  its  efforts  to 
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a  single  locality.  The  variations  in  altitude  and  latitude  rep- 
resent as  great  difference  in  climate  as  between  Charleston 
and  Spitzbergen.  While  agriculture  is  not  carried  on  through 
such  range, the  problems  thus  brought  for  solution  are  exceed- 
ingly diversified.  And  with  the  great  areas  and  distances  in- 
volved, the  station  must  deliberately  neglect  many  problems, 
of  importance  to  some.  In  an  area  in  the  Eastern  States  no 
greater  than  Colorado,  comprising  the  six  New  England 
States  and  New  York,  there  are  seven  experiment  stations, 
each  of  which  receives  as  much  from  the  government  as  the 
one  in  Colorado.  Still  Ihey  are  not  considered  too  numerous, 
for  the  states  themselves  support  two  more  in*  the  same  area, 
and  the  state  appropriations  to  the  stations  in  this  area  are 
nearly  f  100,000  in  addition  to  those  from  the  general  govern- 
ment. 

The  station  does  not  attempt  to  confine  its  work  to  the 
region  of  the  main  station.  More  and  more  it  is  desired  to 
take  up  and  follow  investigations  to  the  localities  where  in- 
formation is  best  obtained.  Thus  already  the  work  of  the 
station  reaches  out  to  many  parts  of  the  state,  and  it  is  hoped 
to  become  more  effective  as  the  present  plans  develop.  Dur- 
ing the  past  year  the  entomologist  or  his  assistant  has  car- 
ried on  systematic  observations  at  Grand  Junction  on  the 
codling  moth;  has  visited  both  that  section,  the  San  Luis 
Valley,  the  Arkansas  Valley,  the  Platte  Valley,  as  called  by 
the  ravages  of  the  sugar  beet  or  other  injurious  insects.  The 
chemist  has  analyzed  many  samples  of  sugar  beets  in  con- 
nection with  the  investigations  formerly  reported,  besides 
carrying  on  the  laborious  investigations  already  in  progress. 
The  change  in  the  sections  of  agriculture  and  horticulture 
during  the  year  has  prevented  the  usual  activity  in  those 
sections,  nevertheless  the  agriculturist  has  carried  on  investi- 
gations in  the  San  Luis  Valley,  looking  toward  inproving  the 
wheat  there  available,  with  the  special  object  of  hastening 
the  time  of  ripening  to  avoid  frosts.  The  horticulturist  has 
given  attention  to  various  plant  diseases,  and  has  been  called 
away  to  attend  to  various  plant  diseases  that  seemed  to  be 
likely  to  prove  serious.  The  irrigation  engineer  has  carried 
on  measurements  on  the  Duty  of  Water  at  various  places  in 
the  Arkansas  Valley  and  in  Northern  Colorado.  He  has  also 
measured  on  a  large  scale  the  seepage  gains  and  losses  from 
canals  and  to  the  streams,  and  begun  measurements  of  the 
sediments  ip  some  streams  of  the  state.  These  measurements 
have  been  extended  to  the  Western  slope.     The  superintend- 
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ents  of  the  sub-stations  have  been  less  confined  to  the  limits 
of  the  station  farms.  The  superintendent  of  the  Plains  Sub- 
station has  visited  the  eastern  portion  of  the  Plains  region 
of  the  state,  as  reported  in  bulletin  60.  The  superintendent 
of  the  Arkansas  Valley  sub-station  has  visited  various  parts 
of  that  valley  in  the  study  of  the  control  of  the  cantaloupe 
blight,  and  of  the  sugar  beet  problem. 

Investigations  so  carried  on  with  the  co-operation  of 
other  people  have  given,  for  investigations  of  the  kind  to 
which  the  method  may  be  applied,  far  greater  returns  for  the 
money  available.  It  does  not  seem  necessary  to  construct  a 
canal  to  try  an  experiment  in  water. 

It  is  gratifying  that  this  work  has  been  of  use.  The 
established  recognition  of  Colorado  as  a  state  adapted  to  the 
growth  of  sugar  beets  and  the  establishment  of  the  sugar 
industry  on  a  sure  foundation,  has  been  possible  through  the 
work  o<  the  station  through  the  past  twelve  years. 


SUB-STATIONS. 

Two  sub-stations  have  been  in  operation  during  the  past 
year. 

The  Plains  sub-station : 

A  sub-station  was  started  at  Cheyenne  Wells  in  Eastern 
Colorado  in  1884.  The  expense  of  the  first  buildings  and  of 
the  equipment  was  borne  by  the  Internal  Improvement  Fund 
of  the  state,  and  by  local  subscription.  The  maintenance 
has  been  borne  by  the  Hatch  fund,  appropriated  by  congress. 
During  this  time  the  plan  followed  was  to  attempt;,  on  the 
land  in  the  control  of  the  station,  to  make  a  success  of  crops, 
either  by  new  methods  of  cultivation,  by  conserving  moisture, 
or  in  finding  varieties  which  were  best  adapted  to  the  con- 
ditions. For  some  years  the  superintendent  in  immediate 
charge  has  been  Mr.  J.  E.  Payne,  a  graduate  of  the  Kansas 
Agricultural  College,  who  has  been  an  enthusiastic  worker 
in  attempting  to  develop  the  possibilities  of  the  Plains.  Still 
the  trial  cannot  be  considered  a  success,  as  a  demonstration 
of  profitable  crop  production.  A  charge  in  method  seems 
desirable,  and  by  studying  the  Plains  on  a  broader  plan  more 
seemed  possible  of  accomplishment.  The  area  of  what  may 
be  called  the  Plains  of  Colorado  is  so  great,  an  extent  of 
practically  275  by  175  miles,  or  say  40,000  square  miles,  an 
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area  greater  than  most  states  east  of  the  Mississippi,  that 
there  is  opportunity  for  much  variation.  Reports  of  suc- 
cesses of  settlers  who  have  maintained  a  foothold  for  a  series 
of  years,  were  worthy  of  investigation.  Accordingly,  both 
because  more  seemed  possible  to  accomplish  wath  the  funds 
available,  and  also  because  the  Washington  authorities  had 
ruled  that  the  Hatch  fund  was  not  intended  to  maintain 
permanent  sub-stations,  a  change  in  plan  was  desirable.  The 
work  planned  at  the  sub-station  was  reduced,  so  as  to  free  the 
superintendent  from  duties  which  required  his  presence 
there,  he  was  furnished  with  a  team  and  wagon,  and  his  time 
largely  spent  in  studying  the  conditions  of  Eastern  Colorado, 
especially  where  settlers  had  maintained  a  foothold  for  a 
series  of  years.  A  portion  of  the  report  of  the  summer's  trip 
will  be  issued  shortly  as  a  bulletin.  The  Plains  have  been 
given  up  generally  as  an  insoluble  problem,  and  they  must 
necessarily  be  given  up  to  the  range  industry.  A  basis  for 
any  sound  study  must  be  from  facts  as  they  are  found,  and 
the  work  as  already  developed,  serves  to  show  some  hope  of 
improvement.  The  area  is  so  large,  some  40,000  square  miles, 
that  some  effort  is  justified.  The  nature  of  the  problem  is 
such  that  manifestly,  a  long  time  will  be  necessary,  except 
as  we  study  the  experience  of  those  already  there. 

.  The  expense  of  the  sub-station  for  the  fiscal  year  has  been 
11,242.18. 

The  Arkansas  Valley  sub-station : 

For  reasons  similar  to  those  which  led  to  a  change  in 
plan  in  the  case  of  the  Plains  sub-station,  the  plan  at  the 
Arkansas  Valley  sub-station  was  altered.  The  trouble  with 
the  sub-stations,  for  one  thing,  has  been,  that  not  only  has 
the  station  been  attempting  to  do  farming  rather  than  ex- 
perimenting, but  the  management  of  a  farm  of  such  size  and 
variety  of  interests,  has  been  sufficient  to  absorb*  the  energy 
of  the  person  in  charge  almost  to  the  exclusion  of  work  which 
is  far  more  important.  Accordingly,  with  the  consent  of 
the  board,  it  was  decided  to  lease  all  but  a  small  part  of  the 
station  farm,  requiring,  however,  experimental  observations 
from  those  to  whom  leased,  restrict  the  area  under  the  direct 
charge  of  the  superintendent,  free  him  from  so  much  detail 
work,  and  expect  him  to  devote  a  greater  part  of  his  time 
to  investigation,  and  co-ordinate  his  work  with  that  of  the 
station  as  a  whole,  that  the  work  would  be  mutually  helpful. 
The  results  of  the  first  year  have  fully  justified  the  change. 
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if  any  justification  were  needed.  It  is  designed  that  the  sta- 
tion shall  thus  be  useful  to  the  whole  Arkansas  Valley,  not 
simply  to  the  region  about  Rocky  Ford.  The  expenditures 
on  the  station  have  been  |1983.61  for  the  fiscal  year  and  the 
receipts  f  1079.87.  It  is  the  first  time  in  its  history  that  the 
cost  has  been  less  than  ¥2000,  or  the  net  cost  less  than  f  1000. 
The  plan  has  not  only  reduced  the  expenses,  but  has  in- 
creased the  results,  and  this  will  be  more  evident  with  an- 
other year.  The  total  cost  of  the  station  to  date  has  been 
131,466.07,  with  a  return  of  *10,244.13. 

The  land  at  Monte  Vista,  at  one  time  used  as  a  sub-sta- 
tion, which  was  furnished  temporarily  by  the  State  Land 
Board  as  long  as  used  for  experimental  purposes,  has  been 
called  for  by  the  land  board.  It  has  been  in  their  possession 
for  over  a  year,  though  the  formal  transfer  has  not  been  made 
as  yet.  The  station  still  possesses  the  improvements  and 
some  personal  property  at  that  station;  the  committee  ap- 
pointed by  the  board  having  found  it  diflflcult  to  dispose  of 
the  property  to  good  advantage  during  the  year. 

The  Divide  station  was  organized  on  land  furnished  by 
subscriptions  of  small  amount,  and  is  of  small  area.  As  no 
support  is  likely  to  be  given  by  the  legislature,  and  as  the 
buildings  are  fast  going  to  ruin,  the  sooner  the  remains  of 
the  station  are  closed  out  the  better  it  would  seem  to  be. 

The  whole  cost  of  the  sub-stations  has  been  during  the 
thirteen  years: 

Arkansas  Valley  sub-station f  31,466.07 

San  Luis  Valley  substation 15,408.97 

Plains  sub-station  9,818.98 

Divide  sub-station 8,313.56 

The  returns,  which  reduce  the  net  outlay,  have  been 
112,505.74,  principally  from  the  Arkansas  Valley  sub-station. 

Following  the  report  of  the  director  will  be  found  the 
reports  of  the  agriculturist,  the  horticulturist,  the  chemist, 
the  entomologist,  the  irrigation  engineer,  and  of  the  superin- 
tendents of  the  sub-stations.  These  give  a  valuable  summary 
of  this  work,  though  the  length  of  the  reports  is  no  indica- 
tion of  the  work  done.  The  agriculturist  and  the  horticult- 
urist entered  upon  their  duties  the  first  of  September,  after 
the  field  work  of  the  year  was  substantially  accomplished. 
The  demands  upon  them  in  organizing  the  work,  have  been 
many.     The  reports  of  the  sub-stations  are  relatively  longer. 
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as  they  include  fuller  statements  needed  for  the  use  of  the 
home  station. 

The  present  outlook  for  the  station  work  is  excellent, 
both  because  the  field  work  is  promising,  and  because,  with 
the  readjustment,  the  financial  affairs  of  the  station  are  be- 
ing placed  on  a  better  basis,  which  will  enable  more  to  be 
accomplished. 

Respectfully  submitted, 

L.  G.  CARPENTER,  Director. 
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INVENTORY. 

NOVEMBER,  1900. 

DIRECTOR'S  OFFICE. 

Office  fixtures  and  equipment I  480  30 

Stationery  supplies 197  60 

Half  tones,  zinc  etchiners  and  photogrraphs 200  00 

Bulletin  library 600  00 


AGRICULTURAL  SECTION. 

Implements  and  tools I       66  00 

Office  equipment  and  miscellaneous 386  00 


ENTOMOLOGICAL   SECTION. 

Laboratory   supplies I  73  96 

Entomological  supplies 70  86 

Insecticides  and  insecticide  apparatus 86  06 

Apiary 152  id 

In  charge   (mlscrosco'^e,   etc.) 310  00 


HORTICULTURAL  SECTION. 

Glassware  I  .     6  74 

Photographic  apparatus  and  supplies 84  96 

Instruments   43  00 

Trees  and  nursery  stock 294  10 

Herbarium  1,560  00 

Miscellaneous    t 1  26 


I  1,317  90 


I     44200 


I     692  96 


I  1,990  64 
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METEOROLOGICAL  AND  IRRIGATION  ENGINEERING  SECTION. 

Meteorological  Instruments I    546  15 

Office  fixtures 34  00 

Stationery,  books,  maps,  etc 32  GO 

Irrigation  and  hydraulic  apparatus 236  35 

Photographic  supplies  and  negatives 146  96 

Miscellaneous    146  81  ' 

i 

I  1.141  36 

Library I  1.100  00 

Total  main  station I  6,684  25 

ARKANSAS   VALLEY   SUB-STATION. 

Water  rights  and  apparatus I  1,836  00 

Fences,  gates  and  bridges 338  30 

Buildings  and  improvements- 
Dwelling    1900  00 

Bam   750  00 

Wells,  cistern  and  cellars : 125  00 

.  Sheds  and  outbuildings 160  00 

Set  farm  scales 60  00 

Instrument  shelter 15  00 

I  2,010  00 

Live  stock— four  horses,  three  hogs 181  00 

Implements  and  tools 393  15 

Miscellaneous    54  56 

Farm  produce  on  hand— 

130  tons  alfalfa 1390  00 

336  bushels  oats 134  00 

125  bushels  wheat 75  00 

226  bushels  corn 79  10 

36  bushels  rye 21  00 

20  bushels  soy  beans 24  00 

10  bushels   cow   peas 12  00 

76  pounds    vetch    seed 4  60 

4  tons  sugar  beets 16  00 

12  barrels   apples 24  00 

20  tons  sugar  beets  (rent) 100  00 
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Farm  produce  on  hand^Continued. 

5  acres  beet  land  (rent) 26  00 

110  pounds   cantaloupe   seed 56  00 

36  pounds    beans 1  06 

4  pounds  errass  seed GO 

914  pounds  tomatoes   (estimated) 7  26 

Melon   returns    (renters) 60  00 

Returns  from  station  melons  (estimated) 20jOO 

Miscellaneous 20  25  * 


I  1,068  75 

$  6.881  70 


PLAINS  SUB-STATION. 

Dwelling  and  barn $800  00 

840  rods  barbed  wire  fence 100  00 

3,000  feet  supply  pipe  (Iron) 30  00 

I  93000 

Two  horses 75  00 

Implements  1^  95 

Apparatus    162  10 

Supplies  and   farm  products 73  50 


SUB-STATION    AT    MONTE    VISTA. 

Buildings,  fencing,   etc I  1,497  00 

One  team  horses 150  00 

Windmill  and  appliances 150  00 

Farm    Implements 82  15 


11,358  56 


$1,879  15 

SUB-STATION  AT  DIVIDE. 

40  acres  land  at  Monument 200  00 

Buildings   729  00 

$     929  00 

Total  sub-station  property $10,048  40 

Total  main  station  property 6,684  25 

Total  experiment  station  property $16,732  66 
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In  addition^  the  station  has  the  use  and  control  of  other 
property,  as  long  as  used  for  experiment  station  puriK>se8y 
as  follows: 

160  acres  at  Cheyenne  Wells I    160  00 

Arkansas  Valley  Sub-Station— 

40  acres  garden  and  fruit  land 13,000  00 

160  acres  farm  land 8,000  00 

111.000  00 

111.160  00 
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EXCHANGES. 


BOOKS,  PAMPHLETS,  SCIENTIFIC  PROCEEDINGS,  ETC. 


Aboentine  Republic: 

Ministerio  de  Agrlcultura:  Puerto  Deseado. 

Australia: 

Department  of  Agriculture,  Perth. 
Department  of  Agriculture,  Victoria. 

Canada: 

Department  of  Agriculture,  Ontario. 
Department  of  Agriculture,  Ottawa. 

Costa  Rica: 

Musea  Nacional:  Ferraz.    Informe  de  1899-1900. 

England: 

6.  C.  Blgnell:  The  Ichneumonidae  of  the  South  of  Devon. 

Finland: 

Acta  Societatis  pro  Fauna  et  Flora  Finnica,  XIX.:  1. 

France: 

y.  Vermorel:     Defense  des  Recoltes  par  le  tir  du  Canon;   Note  sur 

I'Emploi  du  Sulfure  de  Carbone. 
L.  Ravez:  les  Produits  de  la  Vigne;  les  Systemes  de  Taille. 
L.  Ravez  et  A.  Bonnet:  Parasitisme  du  Phoma  reniformis. 

Germany: 

Dr.  C.  Brick:     Botanisches  Museum  Abtheilung  fur  Pflanzenschutz  zu 

Hamburg.  2.  1899-1900. 
Dr.  M.  HoUrung:     Jahresbericht  uber  die  Neuerungen  und  Liestungen 

auf  dem  Geblete  des  Pflanzenschutzes. 

Hawaii: 

Henry  S.  Townsend:     Report  of  the  Minister  of  Public  Instruction. 
Report  of  the  Hawaiian  Experiment  Station,  Honolulu. 
Bulletin  of  Manual  Training  School,  Kamehameha. 

India: 

Department  of  Land  Records  and  Agriculture,  Madras. 

Jamaica: 

Institute  of  Jamaica,  Kingston. 
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New  South  Wales: 

Department  of  Agriculture,  Sydney. 
Botanical  Gardens.  Sydney. 

Pebu: 

Ministerlo  de  Fomento:  Moreno.    Las  Irrigaciones  de  la  Costa. 

United  States: 

American  Philosophical  Society,  Philadelphia,  Pa. 
Academy  of  Science,  Rochester,  N.  Y. 
Bussey  Institution.  Cambridge.  Mass. 
Carnegie  Library,  Pittsburg.  Pa. 
Department  of  Agriculture.  Harrisburg,  Pa. 
Elisha  Mitchell  Scientific  Society,  Chapel  Hill.  N.  C. 
Geological  and  Natural  History  Survey  of  Minnesota. 
Iowa  Horticultural  Society,  Des  Moines,  Iowa. 
Indiana  Academy  of  Science,  Indianapolis.  Indiana. 
.  John  Crerar  Library,  Chicago,  Illinois. 
Kansas  State  Horticultural  Society,  Topeka,  Kansas. 
Lloyd  Library  and  Museum,  Cincinnati,  Ohio. 
Massachusetts  Horticultural  Society,  Boston,  Mass. 
Missouri  Botanical  Gardens.  St.  Louis.  Mo. 
New  York  Botanical  Garden.  New  York,  N.  Y. 
New  York  State  Museum,  Albany.  N.  Y. 
Portland  Society  of  Natural  History,  Portland,  Maine. 
Public  Library,  Boston,  Massachusetts. 
State  Board  of  Agriculture,  Topeka,  Kansas. 
State  Board  of  Agriculture,  Boston,  Massachusetts. 
State  Board  of  Agriculture,  Raleigh,  North  Carolina. 
State  Board  of  Agriculture,  Providence,  Rhode  Island. 
State  Board  of  Agriculture,  Augusta.  Maine. 
State  Board  of  Health,  Augusta,  Maine. 
State  Board  of  Health,  Trenton,  N.  J. 
State  Board  of  Horticulture,  Denver,  Colorado. 
State  Board  of  Horticulture,  Butte,  Montana. 
State  Board  of  Horticulture,  Sacramento,  California. 
Torrey  Botanical  Club,  New  York,  N.  Y. 
Utah  State  Farmers*  Institute,  Ogden,  Utah. 
U.  S.  Weather  Bureau: 

Nebraska  Section. 

Illinois  Section. 

Colorado  Section. 

New  Mexico  Section. 

Minnesota  Section. 

Tennessee  Section. 

Wyoming  Section. 

Oregon  Section. 
Wisconsin  Dairymen's  Association,  Fort  Atkinson.  Wisconsin. 
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SCIENTIFIC   PERIODICALS. 

Agricultural  Journal  and  Mining  Record,  Marltzburg,  South  Africa. 

Insect  World,  Gifu,  Japan. 

Kongl.  Landtbrusk-Akademiens  Handlingar  ocli  Tidskrift,  Stockholm, 

Sweden. 
Le  Naturaliste  Canadien,  Chicoutimi,  Quebec,  Canada. 
Sanitary  Inspector,  Augusta,  Maine. 

AOBICULTUBAX  JOURNALS. 

Agricultural  Epitomlst.  Spencer,  Indiana. 

Agricultural  Gazette,  Sydney,  New  South  Wales. 

American  Agriculturist,  New  York,  N.  Y. 

Acker  und  Gartenbau-Zeitung,  Milwaukee,  Wisconsin. 

Beet  Sugar  Gazette,  Chicago,  Illinois. 

Boletin  de  la  Comision  de  Parasitologia  Agricola,  Condesa  4'/^,  Mez. 

Boletin  da  Agricultura,  Sao  Paulo,  Brazil. 

Co-operative  Farmer  and  Maritime  Dairyman,  Sussex,  N.  B. 

Chicago  Daily  Drovers  Journal,  Chicago,  Illinois. 

El  Agricultor  Mexlcano,  C.  Juarez,  Mexico. 

Elgin  Dairy  Report,  Elgin,  Illinois. 

Edwards  Fruit  Grower  and  Farmer,  Missoula,  Montana. 

Farmers  Advocate,  London,  Ontario,  Canada. 

Farm  and  Dairy,  Sydney,  New  South  Wales. 

Farm  and  Home,  Springfield,  Mass. 

Farming  World,  Toronto,  Canada. 

Farmers  Home,  Dayton,  Ohio. 

Farmers  Guide,  Huntington,  Indiana. 

Farmers  Tribune,  Des  Moines,  Iowa. 

Golden  Egg,  Saint  Louis,  Mo. 

Home,  Field  and  Forum,  Oklahoma  City,  Oklahoma. 

Homestead  The,  Des  Moines,  Iowa. 

Indiana  Farmer,  Indianapolis,  Indiana. 

La  Laiterie  Beige,  Renaix,  Belgium. 

Mark  Lane  Express  and  Agricultural  Journal,  London,  England. 

Milk  News,  Chicago,  Illinois. 

Michigan  Sugar  Beet,  Bay  City,  Michigan. 

Missouri  Valley  Farmer,  Kansas  City,  Mo. 

Mirror  and  Farmer,  Manchester,  N.  H. 

National  Farmer  and  Stockgrower,  Chicago,  111. 

National  Stockman  and  Farmer,  Pittsburg,  Pa. 

Orange  Judd  Farmer,  Now  York,  N.  Y. 

Ohio  Farmer,  Cleveland,  Ohio.. 

Pacific  Coast  Fruit  World,  Los  Angeles,  California. 

Practical  Farmer,  Philadelphia,  Pa. 

Practical  Fruit  Grower  (The  Southwest),  Springfield,  Mo. 

Rural  Topics,  Morgan  City,  La. 

Rural  World,  London,  England.  % 

Ranch  and  Range,  Seattle,  Washington. 

Southern  Planter,  Richmond,  Va. 
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Sugar  Beet,  Philadelphia,  Pa. 

Up-to-Date  Farming  and  Gardening,  Indianapolis,  Indiana. 
Western  Creamery,  San  Francisco,  California. 
Western  Fnilt  Grower,  Saint  Joseph,  Mo. 

Wallace's  Farmer  and  Dairyman,  Des  Moines,  Iowa.  i 

West  Virginia  Farm  Review,  Charleston,  W.  Va.  I 

I 

GENERAL   NEWSFAFEBS. 

Chronicle-News,  Trinidad,  Colorado.  ^ 

Colorado  Springs  Gazette,  Colorado  Springs,  Colorado. 

Denver  Citizen,  Denver,  Colorado.  ^ 

Denver  Investor,  Denver,  Colorado. 

Fort  Lupton  Advertiser,  Fort  Lupton,  Colorado. 

Golden  Globe,  Golden,  Colorado. 

Grand  Valley  Sun,  Grand  Junction,  Colorado. 

Montrose  Press,  Montrose,  Colorado. 

Public  Ledger,  Philadelphia,  Pa. 

Salt  Lake  Herald,  Salt  Lake  City,  Utah. 

Sun  The,  Baltimore,  Maryland. 
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REPORT  OF  THE  AGRICULTURIST. 


The  station  worker  who  enters  a  new  field  labors  under 
difficulty  for  a  time.  This  is  especially  true  of  the  agricul- 
turist. He  requires  time  to  become  acquainted  with  the  con- 
ditions in  the  state  and  the  needs  of  the  farmer  before  in- 
augurating new  lines  of  work  which  will  result  in  informa- 
tion of  value,  and  he  must  delve  deeply  into  old  records  of 
what  has  been  going  on  in  the  department  before  he  is  either 
able  to  continue  the  good  work  or  report  data  which  will  be 
of  intrinsic  worth  to  the  state's  agriculture. 

The  conscientious  station  worker  is  anxious  to  l)e  use- 
ful to  those  for  whose  benefit  the  station  is  established,  and 
will  not  report  anything  but  that  which  he  believes  to  be  re- 
liable information,  based  on  careful  logical  reasoning  from 
observations  and  facts  known  to  be  scientifically  accurate. 
Again,  much  data  may  be  obtained  which  is  of  value,  in  that 
it  adds  to  the  sum  total  of  human  knowledge,  but  which  is  of 
no  immediate  practical  value  to  the  farmer.  This  kind  of 
information  should  not  be  lost,  but  there  are  so  many  things 
which  the  farmer  needs  to  know  that  I  'feel  our  first  duty  is 
to  bring  "grist  to  his  mill."  In  order  to  do  this,  it  is  essen- 
tial to  know  his  conditions  and  needs.  If  we  would  aid  him 
in  solving  the  knotty  problems  with  which  he  comes  face  to 
face,  we  must  know  what  these  problems  are. 

I  have  never  been  widely  separated  from  the  agriculture 
of  this  region,  but  only  three  months  has  passed  since  I  as- 
sumed the  duties  of  agriculturist  in  this  station.  On  this 
account  it  is  not  possible  for  me  to  add  to  this  report  the  re- 
sults of  experimental  work  done. 

WORK  OP  THE  DEPARTMENT. 

My  predecessor,  Prof.  W.  W.  Cooke,  published  two  bul- 
letins during  the  year.  They  w^ere  No.  56,  a  supplement  to 
"Colorado  Birds,"  and  No.  57. 

Farm  Notes — The  reader  is  referred  to  the  bulletin  on 
farm  notes,  published  in  July,  which  seems  to  contain  a  re- 
port of  all  the  investigations  of  the  station  of  which  record 
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was  made  up  to  July  of  the  present  year.  The  larger  part  of 
the  time  of  the  station  assistant,  Mr.  F.  Watrous,  has  been 
given  to  the  management  of  the  college  farm.  In  addition  to 
this,  however,  he  has  kept  the  notes  on  investigation  with 
varieties  of  wheat  and  oats  at  the  home  station,  and  a  com- 
plete and  valuable  set  of  notes  on  the  live  stock. 

The  past  season  was  the  first  year  of  a  well-planned  ex- 
periment with  varieties  of  wheat  and  oats.  This  work  is  be- 
ing conducted  on  the  home  station,  and  on  the  farm  of  Mr. 
Jas.  A.  Kelly,  at  Monte  Vista,  in  the  San  Luis  valley.  It 
not  only  contemplates  the  improvement  of  varieties  for  each 
of  these  localities,  but  also  a  study  of  these  grains  grown  at 
high  and  low  altitudes,  and  is  designed  to  demonstrate  the 
comparative  value  of  improving  seed  at  home  or  getting  im- 
proved seed  from  a  widely  differing  locality.  The  larger  part 
of  the  time  which  I  have  been  able  to  give  the  station  work 
has  been  devoted  to  these  grains.  I  made  two  trips  to  Monte 
Vista.  On  the  first  visit  I  assisted  Prof.  Cooke  in  harvest- 
ing the  small  plats  of  grain,  and  learned  the  method  and  pur- 
port of  the  experiment.  At  the  second  visit,  in  September, 
the  grain  in  the  straw  from  small  plats  was  boxed,  and  that 
from  larger  plats  was  threshed  out  and  shipped  to  Fort  Col- 
lins, where  studies  are  being  made  of  the  stooling,  growth, 
and  productiveness  of  each  variety.  The  experiment  prom- 
ises results  which  will  be  of  great  value  to  the  farmers  of  the 
state.  Before  leaving  Wyoming,  Prof.  Farrer,  of  Australia, 
sent  me  a  large  number  of  new  crosses  of  wheats.  Prof.  Fos- 
ter, of  the  Wyoming  station,  has  since  kindly  offered  to  di- 
vide these  samples  with  me,  and  it  is  hoped  that  something 
peculiarly  adapted  to  this  climate  and  of  superior  milling 
quality  may  be  obtained  from  them. 

Since  the  beginning  of  the  school  year  much  of  my  time 
has  been  taken  up  with  teaching,  but  some  experimental 
work  has  been  inaugurated.  We  have  carried  out  an  experi- 
ment in  feeding  Belgian  hares.  This  work  was  merely  in- 
augurated for  class  instruction.  Each  member  of  the  junior 
class  in  stock  feeding  fed  a  separate  ration  to  a  lot  of  three 
hares  for  five  weeks.  The  work  w^as  so  carefully  and  con- 
scientously  done,  and  has  apparently  resulted  so  successfully, 
that  it  may  be  of  sufficient  interest  to  publish  in  bulletin 
form.  Many  people  in  the  state  have  taken  up  the  rabbit 
industry  and  are  looking  for  information  on  the  subject. 
Little  information  is  available  in  regard  to  the  feeding  of 
hares.    The  flesh  of  the  Belgian  can  not  be  excelled  as  food 
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for  man,  and  while  these  animals  have  the  cleanest  of  habits, 
they  will  eat  and  thrive  on  a  great  variety  of  foods.  The 
nine  rations  fed  in  our  experiment  had  ratios  of  from  less 
than  1  to  3  to  nearly  1  to  9,  and  as  all  the  rabbits  did  well, 
it  indicates  that  they  will  adjust  themselves  to  a  wide  range 
of  foods  and  combinations  of  foods. 

Investigations  are  now  under  way  with  the  feeding  of 
swine  with  rations,  in  which  chopped  alfalfa  is  a  factor,  to 
determine  whether  it  is  of  advantage  to  give  such  roughage 
along  with  grain  to  fattening  hogs.  This  experiment  is  be- 
ing conducted  by  Mr.  C.  J.  Griffith,  assisted  by  Mr.  W.  B. 
Smith,  one  of  the  senior  students  in  agriculture.  An  experi- 
ment has  also  been  inaugurated  to  determine  the  compara- 
tive value  of  combinations  of  home-grown  grain,  compared 
with  corn  shipped  in  for  fattening  lambs. 

FUTURE  INVESTIGATIONS. 

The  plans  of  work  for  the  ensuing  year,  an  outline  of 
which  has  been  submitted  to  the  director,  contemplates  the 
continuance  of  the  work  with  wheat  and  oats  at  the  home 
station  and  at  Monte  Vista,  and  the  beginning  of  other  work 
believed  to  be  of  greatest  importance  to  the  state. 

I  am  anxious  to  investigate  those  subjects  which  are  of 
immediate  importance  to  the  farmer  and  assist  in  the  build- 
ing up  and  improvement  of  our  agriculture.  From  my  ob- 
servation and  correspondence,  I  think  questions  relative  to 
stock  raising  and  the  production  and  use  of  stock  food,  the 
securing  and  maintenance  of  permanent  pastures,  the  grow- 
ing of  useful  plants  on  waste  lands,  and  practical  problems 
in  grain  growing,  potato  raising  and  rotations  to  keep  up 
soil  fertility,  are  problems  of  paramount  interest.  It  may 
be  found  wise  to  continue  some  work  in  a  small  way  with 
sugar  beets.  The  college  ha»  been  growing  beets  for  twelve 
years  and  published  eight  bulletins,  giving  results  of  care- 
fully conducted  experiments.  .  This  covers  a  wide  field  of  in- 
vestigation, and  while  the  subject  has  not  been  exhausted,  the 
industry  is  now  on  a  commercial  basis;  factories  already 
established  are  meeting  with  unexpected  success,  and  it  is 
not  necessary  that  we  should  do  more  than  investigate  spe- 
cial things  in  beet  growing  which  may  demand  our  attention. 

Some  difficult  problems  confront  the  potato  grower.  Po- 
tatoes are  one  of  our  most  important  crops,  and  parts  of  the 
state  have  become  famous  for  the  production  of  this  staple. 
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For  no  apparent  reason  potatoes  do  not  thrive  in  many  parts 
of  the  state,  and  where  they  are  most  successfully  grown 
there  seems  to  be  diflSculty  in  keeping  the  seed  from  running 
out  or  deteriorating.  We  should  investigate  at  home  and  co- 
operate in  potato  districts  to  assist  in  making  the  industry 
more  remunerative. 

NOTES  AND  RECORDS. 

Taking  trustworthy  notes  and  keeping  accurate  and 
complete  records  is  no  small  part  of  our  station  work.  Un- 
less the  records  contain  complete  and  accurate  notes  of  every 
investigation,  systematically^  arranged  and  available,  they 
are  of  absolutely  no  value.  Heretofore  it  seems  that  the  office 
help  in  this  department  has  been  too  small  to  keep  systematic 
records,  and  the  notes  taken  are  in  widely  scattered  day 
books.  Getting  the  back  notes  transferred  to  permanent  rec- 
ord books,  along  with  the  recording  of  new  work,  will  keep 
our  office  force  very  busy  for  some  time.  Until  everything  is 
so  recorded  that  it  can  be  referred  to  in  the  shortest  possible 
time,  we  will  make  but  slow  progress.  At  present,  when  any 
question  arises,  which  can  only  be  answered  by  referring  to 
back  records,  it  may  take  a  day  or  several  days  to  And  it. 

In  addition  to  the  regular  notes,  I  expect  to  make  photo- 
graphs an  important  part  of  the  records.  These  pictures  not 
only  record  liiany  things  which  it  is  impossible  to  note,  but 
they  serve  a  useful  purpose  in  illustrating  when  the  results 
of  our  investigations  are  published, 

ORGANIZATION. 

The  present  plan  for  newly  organizing  the  work  in  this 
department  may  be  briefly  stated  as  follows : 

First — To  lay  out  permanent  experimental  plats  on  the 
farm  for  general  crop  and  soil  investigations,  and  the  con- 
tinuance with  trials  under  way  of  wheat  and  other  crops. 
To  establish  a  permanent  pasture  of  different  grasses  and 
grass  mixtures. 

Second — To  differentiate  the  work  by  putting  the  station 
assistant  in  charge  of  crops  and  crop  and  soil  notes,  and  the 
college  assistant  in  charge  of  the  dairying  and  animal  hus- 
bandry. Making  each  responsible  for  a  part  of  the  office  work 
and  records,  and  relieving  each,  so  far  as  possible,  from  the 
details  of  farm  labor. 


Digitized  by 


Google 


AGRICULTURAL  EXPERIMENT  STATION.  121 

Third — The  notes  and  records  will  be  given  first  atten- 
tion until  they  are  thoroughly  organized  and  systematized. 

EQUIPMENT  AND  NEEDS. 

Our  actual  equipment  belonging  to  the  station  is  very 
small,  but  it  would  seem  that  the  relation  of  the  college  to 
the  station  enables  us  to  use  the  farm  and  general  farm  equip- 
ment for  many  investigations.  Properly  recording  the  farm 
operations  is  continually  giving  results  of  scientific  interest. 
At  the  same  time  we  may  organize  a  few  lines  of  pure  in- 
vestigation. While  we  need  many  things  in  the  department, 
the  present  greatest  need  of  the  station  is  more  complete 
equipment  for  the  work  with  wheat.  We  should  have  a  small 
mill  for  making  fiour  of  small  samples  of  wheat,  and  instru- 
ments for  testing  the  flour  from  these  samples.  Such  a  mill, 
with  power  to  run  it,  and  the  glutometers  and  other  equip- 
ment necessary,  would  be  expensive,  but  we  will  not  be  able 
to  do  complete  and  satisfactory  work  until  they  are  obtained. 
The  milling  qualities  of  the  wheat  are  as  important  as  great 
productiveness.  As  yet,  we  know  little  of  the  comparative 
merits  of  the  hundreds  of  varieties  of  wheat,  compared  with 
what  there  yet  remains  to  be  found  out ;  questions  than  which 
few,  if  any,  are  of  greater  import. 

In  conclusion,  I  may  say  that  the  outlook  for  this  depart- 
ment is  bright.  We  are  in  a  position  to  offer  a  helping  hand 
to  the  agriculturists  of  the  state.  The  station,  in  connection 
with  the  teaching  in  the  college,  offers  great  opportunity  for 
young  men  who  wish  to  receive  training  in  scientific  investi- 
gation. 


B.  C.  BUFFUM, 

Agriculturist. 


Colorado  Experiment  Station, 
December  12,  1900. 
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REPORT  OF  THE  HORTICULTURIST  AND  BOTANIST. 


The  absence  of  Prof.  Crandall  in  the  early  part  of  the 
season,  and  his  subsequent  resignation  to  accept  a  more  re- 
munerative position,  has  left  the  work  of  the  section  practic- 
ally at  a  standstill.  Mr.  Potter's  time  being  largely  taken  up 
with  the  care  of  the  department,  he  has  been  able  to  do  but 
little  research  work.  However,  he  has  devoted  considerable 
time  to  a  disease  of  peas,  which  is  especially  severe  in  the  vi- 
cinity of  Longmont.  This  disease  is  of  an  obscure  nature, 
attacking  the  plants  below  ground,  and  unless  some  means  of 
combatting  it  is  found,  it  is  feared  that  the  pea-canning  in- 
dustry at  that  place  must  soon  be  abandoned.  This  would 
mean  a  great  loss  to  the  farming  community,  since  about 
2,500  acres  of  land  are  devoted  to  pea  growing. 

Mr.  Potter  has  also  kept  careful  records  of  the  work  that 
was  under  way,  and  has  prepared  a  bulletin  on  "Bush 
Fruits,"  besides  attending  to  the  station  correspondence. 

The  variety  tests  of  native  plums  has  been  continued, 
which  includes  not  only  a  comparison  of  the  different  vari- 
eties in  a  commercial  way,  but  a  record  of  the  blooming 
period  of  the  varieties,  and  a  study  of  the  degree  of  self- 
sterility  of  the  blossoms  of  the  different  sorts.  These  records 
are  available  for  publication  when  sufficient  additional  data 
has  been  secured. 

The  variety  tests  with  small  fruits  have  been  continued. 
The  plantations  include  nineteen  varieties  of  currants,  seven- 
teen of  blackberries,  eight  of  gooseberries,  twenty-four  of 
raspberries,  and  one  hundred  and  fifty  of  strawberries. 

The  work  on  the  flora  of  the  state  has  necessarily  been 
at  a  standstill  for  the  season. 

Respectfully  submitted, 

WENDELL  PADDOCK. 
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REPORT  OF  THE  ENTOMOLOGIST. 


I  have  the  honor  to  submit  herewith  the  annual  report  of 
the  entomological  section  of  the  agricultural  experiment  sta- 
tion for  the  year  1900. 

IMPORTANT  INSECTS  OF  THE  YEAR. 

The  Codling  Moth  {Carpoca/psa  po'monella  Linn.)  con- 
tinues to  be  the  most  destructive  insect  to  th^  apple  within 
the  state.  Spraying  with  one  of  the  arsenical  mixtures  has 
become  quite  a  general  practice  in  most  of  the  apple-growing 
districts,  and  those  who  are  spraying  every  year,  most  intel- 
ligently and  thoroughly,  are  well  repaid  in  the  greatly  im- 
proved condition  of  their  fruit.  It  is  to  be  regretted  that  so 
many  spray  carelessly  and  with  too  little  attention  to  the 
right  time,  and  that  others  can  not  be  induced  to  take  any 
measures  for  the  destruction  of  this  insect,  thus  making  their 
orchards  so  many  breeding  places  for  the  moth,  which  then 
spreads  into  other  orchards. 

T/^e  Peach  Twig-Borer  {Anarsia  lineatella  Zell.)  con- 
tinues in  injurious  numbers  on  the  west  slope,  particularly 
about  Grand  Junction  and  Delta.  At  the  latter  place,  on  the 
26th  of  last  May,  the  writer  found  both  larvae  and  pupae  in 
considerable  numbers  under  bands  that  had  been  placed  upon 
the  trees  the  previous  season.  I  feel  certain  that  bands  upon 
the  trees  can  be  used  quite  successfully  to  reduce  the  num- 
bers of  this  pest. 

The  Fruit  Tree  Leaf -Roller  (Cacoecia  argyrospila 
Walk.)  has  practically  ceased  to  be  a  pest  in  the  northern 
portion  of  the  state,  where  it  w-as  so  destructive  for  a  num- 
ber of  years.  Its  disappearance  seems  to  be  due  to  a  more 
general  spraying  of  orchards  and  the  increase  of  its  natural 
enemies.  Of  the  latter,  insect  parasites  and  red-winged 
blackbirds  have  been  particularly  efficient. 

The  Box  Elder  Leaf-Roller  {Cacoecia  semiferana 
Walk. )  has  also  nearly  disappeared  as  far  south  as  Boulder, 
and  probably  for  the  same  causes  mentioned  in  case  of  the 
preceding  species.    Early  and  thorough  applications  of  one 
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of  the'  arsenical  mixtures  to  the  f olialge  of  the  infested  trees 
is  an  effectual  remedy  for  the  destruction  of  the  rollers. 

The  Leaf-Grumpier  {Phycis  indiginella  Zell.)  has  been 
reported,  on  several  occasions,  to  the  experiment  station. 
The  specimens  have  been  sent  from  nursery  stock  and  from 
young  fruit  trees,  upon  the'twigs  of  which  the  little  clusters 
of  dried  and  crumpled  leaves  had  attracted  attention.  Close 
attention  to  gathering  and  crushing  or  burning  these  leaf 
clusters  during  the  winter  will  doubtless  be  suflftcient  to  keep 
this  insect  from  becoming  seriously  abundant. 

Climbing  Cutworms  have  been  reported  on  different  oc- 
casions as  destructive  to  the  foliage  of  small  fruit  trees.  The 
past  spring  these  cutworms  were  abundant  in  orchards  in 
the  vicinity  of  Fort  Collins.  They  were  first  noticed  early 
in  the  spring,  before  the  trees  had  begun  to  put  out  leaves. 
They  were  taken,  for  the  most  part,  under  burlap  bands  that 
had  been  placed  about  the  trunks  for  another  purpose.  From 
these  caterpillars,  Agrestis  auxilaris  was  bred.  The  moths 
of  this  species  are  very  abundant  here  upon  the  windows  of 
our  dwelling  houses  about  the  last  of  May  each  year. 

The  Eight-Spotted  Forester  {Alypia  octomaculata 
Fabr.)  is  an  ever-present  pest  in  the  vineyards  of  the  state 
and  upon  the  Virginia  creepers.  While  it  is  most  often  com- 
plained of  upon  the  latter  vine,  it  also  becomes  quite  destruct- 
ive to  grape  foliage  at  times.  Under  date  of  July  9  last,  Mr. 
W.  A.  Goodman,  of  Altman,  Colo.,  wrote  concerning  this  in- 
sect as  follows :  "What  is  it?  and  what  can  I  do  for  it?  It 
has  almost  devastated  some  vineyards  in  this  vicinity." 

We  have  found  a  spray  of  Paris  green,  London  purple 
or  arsenite  of  lime  very  effectual  in  destroying  the  caterpil- 
lars. 

The  Achemon  Sphinx  {Philampelus  achemon  Dru.)  is 
also  a  common  insect  upon  the  foliage  of  the  grape  and  Vir- 
ginia creeper,  and  I  have  frequently  found  it  more  injurious 
than  the  preceding  species.  It  is  controlled  by  the  same  rem- 
edies. 

The  Pear  and  Cherry-Tree  Slug  {Eriocampa  cerasi 
Peck)  is  generally  distributed  through  the  orchards  of  the 
state,  and  in  some  localities,  where  the  proper  remedies  have 
not  been  applied,  it  has  done  great  harm.  I  have  found  its 
injuries  particularly  severe  about  Grand  Junction,  in  or- 
chards that  are  poorly  cared  for.  On  the  25th  of  last  May  I 
found  the  eggs  very  abundant  in  pear  leaves  in  some  orchards 
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near  Grand  Junction.  As  many  as  twenty  eggs  were  found 
in  a  single  leaf,  and  on  the  date  mentioned  only  a  single 
young  slug  was  found.    So  hatching  had  just  begun. 

The  Woolly  Aphis  {Schizoneura  lanigera  Hausm.) 
seems  to  be  under  very  good  control  in  most  of  the  orchards 
of  the  state^  and  less  inquiries  are  received  concerning  it  than 
in  former  years.  Many  orchardists  have  begun  using  tobacco 
about  the  crown  of  the  trees  for  the  destruction  of  the  root 
form,  which  is  probably  the  best  known  remedy. 

The  Apple-Tree  Aphis  (Aphis  mali  Fabr.)  has  been  in- 
creasingly abundant  upon  the  foliage  of  the  apple  for  a  few 
years  past.  The  eggs  are  deposited  in  great  numbers  upon 
the  twigs  of  apple  trees  in  the  fall,  but  the  lice  do  not  be- 
come sufficiently  abundant  to  attract  attention  before  the 
middle  of  the  summer,  so  that  it  is  very  seldom  that  anything 
is  done  to  destroy  them.  Winter  applications  for  the  de- 
struction of  the  eggs  is  what  is  needed  for  the  control  of  this 
Aphis. 

The  Putnam  Scale  (Asphidiotus  ancylus  Put.)  seems 
to  be  more  destructive  in  Colorado  than  in  the  eastern  states. 
While  I  have  known  but  a  few  instances  where  it  has  been 
abundant  enough  to  kill  a  tree,  a  few  such  cases  have  occurred 
and  on  several  occasions  it  has  been  mistaken  for  San  Jose 
scale  because  of  its  abundance.  On  the  26th  of  last  May  I 
visited  an  orchard  near  Delta,  where  the  scale  had  been  re- 
ported to  me  as  very  numerous.  While  the  scales  were  found 
generally  distributed  throughout  a  large  orchard,  they  were 
not  causing  serious  damage  to  more  than  three  or  four  trees, 
and  it  was  doubtful  if  any  of  those  would  have  died  this 
year  from  its  attack,  though  it  was  advised  they  be  cut  and 
burned.  At  the  date  of  my  visit  I  found  the  female  scales 
just  beginning  to  deposit  their  eggs,  which  were  light  amber 
in  color.  The  scales  were  worst  on  a  plum  trefe  of  some  Euro- 
pean variety. 

Judging  from  the  lately  reported  experiments  of  Prof. 
J.  B.  Smith,  of  Kutgers  College,  N.  J.,  it  is  probable  that  all 
trees  infested  with  this  scale  can  be  saved  by  careful  treat- 
ment with  a  heavy  crude  petroleum  during  the  winter.  Prof. 
Smith  found  that  an  oil,  testing  not  less  than  42  degrees  on 
the  Beaume  oil  scale,  would  destroy  scale  lice  and  not  injure 
trees,  unless  applied  in  unnecessary  amounts. 

The  Willow  and  Cottonwood  Scale  (Chionaspis  ortho- 
lohis  Comst. )  is  a  rather  abundant  scale  on  both  willow  and 
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Cottonwood  in  Colorado,  and  often  attracts  attention  because 
of  its  white  color.  According  to  the  observations  of  the 
writer,  this  scale  is  rather  partial  to  the  Carolina  poplar, 
young  trees  of  which  are  often  badly  incrusted  with  the 
scales.  The  frequent  inquiry  is  "Will  this  scale  get  upon  our 
fruit  trees?"  There  is  no  danger  of  that.  The  twice-stabbed 
ladybird  is  a  most  efficient  destroyer  of  this  scale  in  the  vicin- 
ity of  Fort  Collins. 

Leaf-Hoppers  (Typhlocyha  Sp.)  continue  to  be  quite 
destructive  to'  the  foliage  of  grape  vines  and  Virginia  creep- 
ers in  Colorado,  particularly  on  the  eastern  slope  of  the 
mountains.  The  hoppers  spend  the  winter  in  the  adult  state 
under  leaves  and  in  grass  and  in  similar  locations  for  protec- 
tion. In  the  spring  they  attack  almost  any  green  thing  until 
the  leaves  of  the  vines  are  open.  I  have  found  them  at  this 
time  feeding  freely  upon  leaves  of  strawberry,  currant,  goose- 
berry, alfalfa,  grass  and  some  of  the  native  plants.  When  the 
leaves  of  the  grape  vine  and  Virginia  creeper  are  open,  they 
migrate  to  them,  and  continue  feeding,  and  also  deposit  their 
eggs,  one  in  a  place,  within  the  tissue  of  the  leaves.  They  are 
frequently  abundant  enough  to  cause  the  death  of  most  of  the 
first  leaves.  It  is  the  second  brood  that  swarms  among  the 
foliage  late  in  the  summer  and  that  attracts  most  attention. 
Methods  of  control  have  been  given  in  bulletins  from  the  sta- 
tion. 

The  Apple  T'wig-Borer  {Amphicenis  hicaudatns  Say) 
is  frequently  complained  of  as  a  pest  on  the  eastern  slope  of 
the  Rockies  within  the  state,  but  I  have  not  known  of  its 
work  in  the  western  portion  of  the  state.  It  seems  to  flour- 
ish best  in  the  Arkansas  valley,  in  the  vicinity  of  Bocky  Ford 
and  Lamar.  I  extract  the  following  from  a  letter  by  Mr. 
Frank  Applegate,  of  Lamar,  dated  January  11,  1900:  "I 
have  found  a  btig  of  some  kind  in  my  orchard  that  has  nearly 
ruined  it.  Can  you  tell  me  what  it  is?  *  *  *  It  has  bored 
many  of  the  apple  trees  and  grape  vines.  Many  of  the  main 
limbs  are  bored,  as  well  as  the  small  ones."  This  is  seldom 
a  serious  pest,  and  it  is  probable  that  cutting  out  the  beetles 
and  destroying  them  each  winter  w^ill  keep  the  borers  from 
becoming  bad  pests,  even  in  limited  localities. 

The  Cottonivood  Leaf  Beetle  (Lina  scripta^)  has  at- 
tracted some  attention  the  past  year  as  a  defoliator  of  Caro- 
lina poplars  in  nursery  rows.  It  also  attacks  the  foliage  of 
larger  trees,  but  its  injuries  to  them  have  not  been  serious. 
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The  Wheat  Aphis  {Nectarophora  granaria  Kirby)  ap- 
peared in  destructive  numbers  in  wheat  fields  in  the  east- 
ern portion  of  the  state  the  past  summer.  Mr.  E.  D.  Ball 
investigated  the  injuries  along  the  line  of  the  Santa  Pe  rail- 
road during  the  first  week  in  July,  and  found  the  injury  se- 
vere; so  that  he  estimated  that  many  fields  would  not  yield 
more  than  half  a  crop  as  the  result  of  the  attack  of  the  lice. 
Oat  and  barley  crops  were  also  attacked  to  some  extent. 
Rather  severe  injuries  to  the  grain  crops  extended  as  far 
west  as  Denver. 

Cutworms  in  Alfalfa — A  rather  remarkable  outbreak  of 
cutworms  in  alfalfa  fields  occurred  in  the  state  the  past  sum- 
mer. A  few  moths  bred  from  worms  sent  for  identification 
proved  to  be  Carneades  tessellata,  A  large  percentage  of 
the  worms  sent  were  parasitized,  so  it  is  hopeful  that  they 
may  not  be  as  abundant  another  summer.  One  worm,  filled 
with  small  Encyrtid  parasites,  was  isolated  and  the  parasites 
counted  by  Mr.  Titus,  after  hatching.  The  number  from  the 
one  worm  was  1,096. 

Mr.  Frank  Beach,  county  surveyor  of  Bent  county,  wrote 
from  Las  Animas  on  June  3,  as  follows :  "Dear  Sir — We  are 
troubled  with  millions  of  worms  on  the  alfalfa.  The  young 
alfalfa  coming  after  the  hay  seems  a  favorite  food  for  them, 
and  they  keep  it  eaten  off  to  the  ground.  They  also  like  cab- 
bage, sweet  potatoes,  rhubarb,  lettuce,  turnips,  etc."  On  the 
18th  he  wrote :  "  ♦  ♦  ♦  There  are  no  blossoms  in  my  al- 
falfa fields;  the  worms  have  eaten  the  blossoms  as  fast  as 
they  appeared.  The  lower  leaves  have  also  been  destroyed. 
Fields  cut  two  weeks  ago  show  no  new  growth.  ♦  ♦  ♦  ir- 
rigation does  not  seem  to  affect  them.  I  have  tried  Paris 
green  and  fiour,  1  to  20,  and  it  has  proven  effectual  where 
they  were  on  sugar  beets.  They  are  ijot  as  numerous  now  as 
they  were  two  weeks  ago."  On  June  20  he  writes  again: 
"The  alfalfa  w^orms  are  fast  disappearing.  The  alfalfa  hay 
in  places  stinks  from  the  dead  worms  in  it." 

Mr.  Beach  also  reported  larvae  of  ground  beetles  destroy- 
ing the  cut- worms  in  considerable  numbers. 

On  May  16,  Mr.  M.  B.  Colt,  secretary  and  local  manager 
of  the  Alamosa  Land  and  Canal  Company,  wrote,  sending  a 
number  of  the  worms  and  telling  of  their  injuries  to  alfalfa. 
On  the  19th  of  May  he  sent  more  worms,  and,  among  other 
things,  said :  "The  worms  sent  you  were  gathered  in  a  space 
about  three  feet  square.    Where  they  have  attacked  the  al- 
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falf a  they  have  very  nearly  destroyed  it.  They  are  in  patches 
in  the  fields  from  40  to  100  feet  square;  other  portions  of  the 
same  field  do  not  seem  to  be  affected  and  the  alfalfa  is  grow- 
ing all  right.  This  is  the  first  injury  we  have  had  from  these 
worms." 

Mr.  A.  F.  Middaugh,  of  the  A.  F.  Middaugh  Mercantile 
Company,  Del  Norte,  wrote :  "Dear  Sir — I  send  you  by  mail 
a  sample  of  alfalfa  that  has  been  cut  off  by  the  worms.  ♦  ♦  * 
They  work  on  the  old  plants  more  than  on  the  new.  Some 
fields  they  clean  up  in  one  year.  For  the  last  three  years 
they  have  taken  from  one-fourth  to  one-third  of  my  crop. 
When  water  is  turned  on  they  come  to  the  surface  and  in 
places  are  so  thick  as  to  dam  the  water." 

It  was  from  the  worms  sent  by  Mr.  Middaugh  that  the 
parasite  mentioned  above  were  reared. 

On  June  19  Mr.  C.  J.  Lewis,  of  the  Fort  Morgan  Times, 
wrote  to  make  inquiry  concerning  "multitudes  of  worms  that 
were  eating  the  bloom  from  alfalfa." 

Similar  complaints  came  from  Mr.  Thomas  Ashton  and 
Mr.  B.  D.  Prentiss,  of  Laird,  Colo.  Frank  Payne,  of  the 
Cheyenne  Wells  experiment  station,  complained  that  the 
same  worms  were  eating  off  melon  plants. 

The  Beet  Army-Worm  {Laphygma  fiavimaculata 
Harv.)  which  was  so  destructive  to  sugar  beets  near  Grand 
Junction  in  1899,  for  some  reason,  did  not  appear  in  injuri- 
ous numbers  in  that  locality  the  past  summer.  The  writer 
visited  Grand  Junction  the  last  week  in  May  of  this  year, 
and  made  a  thorough  search  for  this  insect,  without  finding 
more  than  scattering  specimens.  During  August,  when  the 
second  brood  should  have  been  abundant,  Mr.  E.  D.  Ball  vis- 
ited the  same  locality  and  found  only  an  occasional  worm 
upon  the  beets. 

The  very  sudden  appearance  of  this  insect,  which  had 
never  before  been  considered  injurious,  in  such  destructive 
numbers,  and  its  equally  sudden  disappearance,  is  quite  re- 
markable. Particularly  is  this  so  from  the  fact  that  the  fall 
bi'ood  of  worms  in  1899  were  but  little  parasitized  and  the 
moths  matured  in  enormous  numbers.  The  latter  must  have 
failed,  for  some  reason,  to  winter  over. 

Beets  were  planted  extensively  for  the  first  time  at 
Kocky  Ford  and  Lamar  last  spring.  The  year  previous  the 
worms  were  noticed  in  considerable  numbers  in  some  experi- 
mental patches  of  beets  by  Mr.  H.  H.  Griffin,  who  sent  speci- 
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mens  to  the  station.  This  year  the  first  brood  appeared  in 
destructive  numbers,  and  Mr.  Ball  went  to  investigate  the 
trouble,  and  gathered  the  following  points  of  information 
concerning  it : 

The  worms  began  hatching  the  first  week  in  June,  and 
by  the  14th  were  abundant,  and  spraying  was  begun. 

Moths  were  said  to  be  fiying  abundantly  about  the  beets 
two  weeks  before  the  worms  were  noticed. 

The  worms  were  worst  on  earliest  planted  beets.  Late 
planted  beets  were  only  injured  when  near  weeds  or  patches 
of  early  beets. 

Beets  were  planted  from  April  10  to  the  last  of  May. 

Those  who  used  flour  and  Paris  green  found  it  cost  about 
eighty  cents  per  acre  for  material. 

•  The  poisons  were  quite  effectual,  particularly  where  two 
sprayings  were  made  with  Paris  green. 

Thousands  of  the  worms  were  seen  migrating,  and  they 
were  found  to  be  traveling  from  two  to  three  feet  a  minute, 
by  the  watch. 

The  worms  were  found  feeding  upon  native  plants  and 
weeds,  especially  of  the  beet  family.  Among  these  were 
lamb's  quarter  {Chenipodium^  Sp.);  Bussian  thistle,  and 
Atriplex. 

Other  Beet  Insects — I  also  extract  the  following  from 
Mr.  Ball's  notes  of  the  past  summer  on  beet  insects : 

Nysius  augustatus  (often  called  "false  chinch  bug*'), 
more  or  less  abundant  everywhere,  in  some  cases  causing 
beets  to  wilt  and  die. 

Agallia  uhleri  (a  small  leaf-hopper),  abundant  nearly 
everywhere  in  the  Arkansas  valley,  doing  most  of  its  work 
at  the  bases  of  the  leaves. 

Platymetopiusy  Sp.,  fairly  common,  but  not  doing  seri- 
ous harm. 

Systena  taeniata  (a  small  flea-beetle),  in  small  numbers 
nearly  everyri^here,  east  of  Pueblo,  in  some  places,  quite 
abundant. 

Monoxia  puncticolliSy  quite  abundant  in  some  patches 
about  Bocky  Ford. 

Deilephila  lineata  was  found  as  an  occasional  feeder, 
especially  where  purslane  was  allowed  to  grow. 
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Bee  Paralysis — The  disease  which  has  taken  this  name 
in  Colorado,  and  which  has  been  so  fatal  in  limited  localities 
some  years,  was  reported  to  the  station  by  only  one  party 
this  year.  The  report  came  from  Mr.  M.  A.  Gill,  of  Erie,  and 
was  dated  May  16. 

Black  Brood,  so  far  as  I  am  able  to  determine,  does  not 
occur  in  Colorado.  Numerous  samples  of  diseased  brood 
have  been  received  with  the  question,  "Is  it  black  brood?" 
but  in  every  case  the  brood  has  lacked  the  characteristics  of 
that  disease.  All  the  cases  examined  seemed  to  be  "pickled 
brood"  insead.  This  latter  disease  is  quite  generally  distrib- 
uted over  the  state,  but  seldom,  if  ever,  is  serious  enough  to 
destroy  or  even  greatly  weaken  a  colony. 

EXPERIMENTAL  V^^ORK. 

The  experiments  of  the  year  have  conformed  quite  closely 
to  the  schedule  that  was  presented  for  the  year.  Under  "Col- 
lecting and  Rearing  Insects  to  Determine  Food  Habits  and 
Life  Histories"  I  would  say  that  many  species,  not  hitherto 
in  the  collection,  have  been  added,  and  much  has  been  added 
to  the  knowledge  of  food  habits  and  life  histories  of  the 
Jassidae  (leaf-hoppers)  through  the  efforts  of  Mr.  Ball. 

The  experiments  with  the  codling  moth  were  very  suc- 
cessfully carried  out  at  the  station,  and  several  parties  in 
other  portions  of  the  state  have,  at  my  request,  made  obser- 
vations and  experiments,  which  have  greatly  aided  me  in  de- 
ciding upon  the  number  of  broods  in  different  portions  of 
the  state.  In  this  connection  I  would  specially  mention  the 
names  of  Mr.  H.  H.  Griffin,  superintendent  of  the  sub-station 
at  Kocky  Ford ;  Mr.  Silmon  Smith  and  Mrs.  F.  R  Smith,  of 
Grand  Junction;  Dr.  R.  J.  Peare  and  Mr.  Thurston  White, 
of  Canon  City,  and  Hon.  David  Brothers,  of  Edgewater. 

The  results  of  these  experiments  and  observations  are 
reserved  for  a  bulletin,  to  appear  later. 

The  study  of  the  grasshoppers  of  the  state  has  progressed 
fairly  well,  and  will  furnish  material  for  a  bulletin  at  some 
future  time. 

No  new  appliances  were  purchased  for  the  apiary  this 
year,  and  so  no  tests  of  appliances  were  made.  The  test  of 
foundations  was  carried  out.  Bulletin  No.  47,  reporting 
tests  of  different  foundations,  was  published  early  in  the 
summer. 
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The  study  of  foul  brood  was  not  completed,  owing  to  a 
lack  of  material  for  cultures  at  the  time  when  it  was  needed. 

The  study  of  beet  sugar  insects  was  b^un,  end  some  of 
the  notes  on  these  insects  are  given  above. 

All  of  which  is  very  respectfully  submitted. 

O.  P.  GILLETTE. 
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REPORT  OF  THE  IRRIGATION  ENGINEER. 


The  investigations  of  the  past  year  have  been  a  continu- 
ation of  the  plans  carried  on  for  a  number  of  years  past 
Besides  the  many  minor  questions,  the  principal  effort  has 
been  given  to  essentially  two  investigations — one  on  the  use 
of  water  for  irrigation,  as  applied  oji  different  farms  and  un- 
der different  conditions,  and  the  other  on  the  seepage  or  re- 
turn waters.  A  report  of  investigations  on  the  amount  of 
water  used  was  given  in  Bulletin  22,  which  has  been  out  of 
print  for  a  long  time.  The  measurements  since  made  give 
an  additional  mass  of  information,  which  is  being  worked  up 
for  early  publication.  The  results  show  the  importance  of 
long-continued  measurements  on  the  same  field,  under  the 
varying  conditions  of  successive  years,  and  that  conclusions 
drawn  from  one  or  two  years^  observations  may  be  shown  to 
be  very  misleading  by  the  longer  series.  These  measurements 
have  included  crops  at  and  near  Fort  Collins,  two  farms  hav- 
ing been  continuously  used  for  nine  years,  at  Holly,  Rocky 
Ford,  Canon  City  and  Pueblo,  besides  records  of  canals  on  a 
larger  scale.  The  importance  of  such  data  is  that  a  knowl-* 
edge  of  the  amount  of  water  so  needed  forms  the  basis  of  any 
reasonable  distribution  of  water  on  canals,  and  serves  to 
give  a  basis  for  estimate  of  the  possibilities  of  our  water  sup- 
ply. 

The  measurements  of  seepage  return  to  streams,  which 
was  originally  undertaken  tentatively,  have  proven  of  much 
importance.  Attention  was  at  first  directed  along  this  line 
because  the  results  were  large  for  a  moderate  expense.  Some 
measurements  have  been  carried  on  over  all  the  tributaries  of 
the  Platte;  on  the  Arkansas,  from  the  mountains  to  the  state 
line  of  Kansas;  on  the  Rio  Grande,  from  the  canon  above 
Del  Norte  to  the  New  Mexico  line ;  on  its  tributary,  the  Con- 
ejos; and  on  the  Uncompahgre,  on  the  western  slope.  The 
linear  distance  is  something  like  eight  hundred  miles,  pos- 
sibly more.  Boulder  and  South  Boulder  creeks.  Clear  creek, 
Bear  creek  on  the  Platte,  Conejos  and  the  Uncompahgre  were 
taken  for  the  first  time  this  year.  The  cost  of  these  partic- 
ular measurements  has  been  small.    The  results  of  this  series 
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of  invefitigations  have  been  to  demonstrate  the  fact  that  there 
is  return  to  the  streams  of  a  portion  of  the  water  taken  out 
for  irrigation,  and  that  this  gives  a  constant  increase  of  the 
area  i)ossible  to  irrigate.  The  measurement  has  been  more 
recently  directed  to  determine  the  important  relation  be- 
tween the  area  irrigated  or  the  amount  of  water  applied,  and 
the  amount  returning.  The  extension  to  the. whole  Platte 
valley  makes  a  completeness  to  the  series  enabling  us  to 
study  the  amount  in  the  valley  ^s  a  whole. 

Likewise,  the  study  of  the  losses  from  canals  has  been 
continued.  A  larger  fund  of  information  has  been  collected. 
This  likewise  is  leading  to  more  important  conclusions  than 
were  anticipated,  and  promises  some  of  the  most  important 
deductions  yet  made.  It  is  tending  to  show  the  source  of  the 
great  losses  in  ditch  distributions,  and  will  lead  to  important 
applications  in  the  way  of  economizing  much  of  this  loss, 
which  is  now  so  great. 

The  investigations  on  seepage  were  extended  to  the  Rio 
Grande  some  years  ago,  in  anticipation  of  the  questions 
which  it  was  foreseen  might  arise  on  that  river  to  threaten 
the  interests  of  Colorado  irrigators.  Such  troubles  arose  as 
a  side  issue  in  the  Elephant  Butte  case,  which  was  on  trial 
at  the  time  of  the  last  annual  meeting  of  the  board.  Our 
investigations  caused  the  writer  to  be  consulted  by  both  sides 
of  the  case,  and  his  attendance  for  the  defense.  The  case 
was  one  brought  by  the  general  government  to  restrain  in 
the  construction  of  a  dam  known  as  the  Elephant  Butte.  An 
injunction  was  demanded  because  it  was  claimed  that  the 
impounding  of  the  waters  by  the  dam  would  materially  aflfect 
the  navigation  of  the  Eio  Grande  some  1,700  miles  below.  The 
doctrine  laid  down  by  the  United  States  supreme  court  had 
ominous  bearings  on  the  agriculture  of  the  West,  because 
in  effect  it  said  that  irrigation  had  no  rights  which  naviga- 
tion was  bound  to  respect.  It  was,  however,  successfully 
shown  that  the  large  part  of  the  river  arises  in  Mexican  trib- 
utaries, and,  in  fact,  that  the  river  above  the  Conchos  is  fre- 
quently dry.  It  was  also  shown  that  the  river  loses  so  much 
of  its  water  in  the  dry  or  little  irrigated  regions  in  southern 
New  Mexico  that  the  contribution  of  the  river  above  El  Paso 
to  the  lower  stream  was  not  material.  The  measurements 
which  had  been  carried  on  at  two  stations  in  southern  New 
Mexico  for  some  years  showed  a  loss  of  over  one-half  the  flow 
in  a  distance  of  less  than  two  hundred  miles.  As  showing 
the  menace  to  the  western  agriculture,  it  should  be  said  that 
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the  entire  navigation,  on  whose  behalf  the  suit  was  urged, 
not  at  the  complaint  of  the  vessel  either,  consisted  of  one 
flat  boat,  drawing  from  one  and  one-half  to  two  feet  of  watCT, 
and  making,  in  the  most  favorable  seasons,  from  two  to  three 
trips  per  month  for  a  distance  of  less  than  two  hundred  miles. 

The  examination  of  the  Arkansas  conditions  has  been 
made  with  the  view  that  similar  questions  are  likely  to  arise 
on  that  stream. 

A  continuation  of  the  stildy  of  the  water  flow  in  a  typical 
irrigation  stream  has  been  made.  An  automatic  register  has 
been  used  and  continuous  records  maintained. 

Some  arrangements  had  been  made  with  the  department 
of  agriculture  for  co-operative  work.  As  it  was  found  that 
co-operation,  as  interpreted  by  one  of  the  officers,  involved 
the  breaking  of  a  long  series  of  records  of  investigations  or- 
iginated and  carried  on  by  this  station,  this  did  not  seem 
advisable  unless  a  modification  were  made  in  that  regula- 
tion. 

Some  of  the  duties  falling  on  the  head  of  the  section  as 
director  of  the  station,  and  esi)ecially  those  caused  by  the  re- 
arrangement of  the  station  work,  confined  the  head  of  the 
section  during  the  season  more  than  was  anticipated.  As 
more  of  these  duties  are  brought  into  routine  form,  the  less 
interruption  will  be  felt  from  them. 

I  wish  to  acknowledge  the  aid  of  Mr.  R.  E.  Trimble,  who 
for  a  long  time  has  been  assistant  in  this  section,  and  upon 
whom  the  routine  observations  have  specially  fallen ;  of  Mr. 
Amos  Jones,  assistant  in  the  department  of  engineering,  for 
aid  in  the  measurements  in  the  San  Luis  valley  and  for  other 
irregular  work;  of  Mr.E.  W.Hawley,  who  acted  in  the  Arkan- 
sas valley  throughout  the  summer,  traveling  in  so  doing  over 
1,000  miles  on  his  wheel,  and  to  Mr.  Antoine  Jacob,  a  stu- 
dent in  the  senior  class  of  the  Agricultural  College,  for  aid  in 
measurements  on  the  Conejos. 

Among  the  many  others  who  have  been  of  material  as- 
sistance may  be  mentioned  Hon.  B.  F.  Rockafellow,  P.  H. 
Sheridan,  F.  S.  Earle,  S.  H.  Atwater,  and  A.  E.  Gravestock, 
Canon  City;  C.  K.  McHarg,  Supt.  Bentley,  and  J.  S.  Greene, 
Pueblo;  Samuel  Taylor,  Avondale;  S.  W.  Cressey  and  J.  H. 
Crowley,  Rocky  Ford;  J.  H.  McClelland,  Fort  Collins;  P. 
J.  Preston  and  C.  W.  Beach,  Las  Animas;  W.  F.  Crowley,  W. 
M.  Wiley  and  T.  W.  Montgomery,  Holly ;  and  M.  V.  Keator, 
Artman.     Also  the  following  water  commissioners:     L.  H. 
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Dickson,  Longmont;  Thos-  Kneale,  Niwot;  W.  E.  Cole, 
Golden;  Chas.  Clark,  Morrison;  P.  H.  Shue,  Ouray;  W.  E. 
Obert,  Delta;  C.  C.  Hawley,  Fort  Collins;  J.  B.  Traxler,  La- 
mar; L.  C.  Mitchell,  Monte  Vista;  and  J.  C.  Dalton,  Man- 
assa. 

Many  others  gave  freely  of  time  and  information,  or 
even  mora 

A  summary  of  some  of  the  results  is  appended. 

Respectfully  submitted, 

L.  G.  CARPENTER. 


SEEPAGE  GAINS  AND  LOSSES. 

The  measurements  to  determine  the  gains  or  losses  from 
seepage  have  been  continued  as  in  previous  years,  and  a  sum- 
mary is  given  in  the  following  tables.  It  is  expected  to  give 
these  reports  more  in  detail  and  to  bring  together  the  meas- 
usements  made  since  Bulletin  .33,  on  "Seepage  or  Return 
Waters  from  Irrigation,"  was  issued  in  1896.  The  measure- 
ments this  year  have  been  extended  to  several  streams  in  the 
Platte  basin,  *  so  that  we  now  have  measurements  on  the 
Platte  and  all  of  the  tributaries,  and  a  comparison  of  these 
results,  it  is  hoped,  will  bring  out  new  facts  in  regard  to  the 
laws  of  the  return  of  water.  In  general,  the  conclusions 
of  Bulletin  33  have  been  sustained,  and  an  increase  in  the 
amount  of  seepage  water  has  been  found  from  year  to  year. 
The  amounts  of  increase  in  the  different  basins  bear  different 
ratios  to  the  acreage,  but  the  cause  of  this  difference  can  not 
be  confidently  given  at  present. 

The  measurements  in  detail  have  often  shown  a  loss 
along  portions  of  the  streams.  This  is  true  of  the  Platte, 
the  Arkansas  and  the  Rio  Grande,  at  least  for  portions  of  the 
streams.  This  is  quite  noticeable  in  sections  of  the  Arkansas 
and  the  Rio  Grande,  so  much  so  in  the  latter  stream  that 
the  loss  is  not  yet  explained.  The  matter  is  of  considerable 
importance,  because  in  it  may  be  involved  the  large  ques- 
tions of  water  rights  on  those  streams.  On  the  Rio  Grande 
the  measurement  was  extended  for  some  forty  miles  above 
the  section  previously  measured,  going  up  the  Rio  Grande 
to  the  South  Park.    The  greatest  loss  has  been  found  at  the 
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rim  of  the  valley.  A  meaBurement  was  also  made  on  the 
Conejos  river,  so  that  we  have  the  principal  portion  of  the 
streams  of  the  San  Luis  valley.  A  measurement  was  also 
made  on  th^  Uncompahgre  from  Ouray  to  its  mouth,  near 
Delta,  for  the  first  time.  These  results  are  summed  up 
in  the  following  tables,  all  measurements  being  given  in  cubic 
feet  per  second.  The  results  on  the  Arkansas  river  are  not 
worked  up  at  the  time  of  this  report : 

« 

CACHB  LA  POUDRB  RIVER. 


1900 
Jttly-Auj. 

1900 
Ang.-SepL 

+5.08 

+4.88 

-3.18 

+4.15 

+3.56 

+11.49 

-16.84 

+1.37 

+5.63 

+3.08 

+6.80 

+1.30 

+30.17 

+21.40 

+84.29 

+24.49 

+43.39 

+34.85 

110.02 

Weir  to  water  work* , 

Water  works  to  t,.  and  W , 

If.  and  W.  to  No.  2  supply 

Supply  to  Strauss  bridge 

Strauss  to  No.  2  canal 

No.  2  to  Eaton  ditch 

Baton  to  No.  3  canal 

No.  3  to  mill  power  canal 

Mill  power  canal  to  Camp  ditch. 
Camp  ditch  to  month 

Totals 


BIG  THOMPSON  CREEK. 


' 

Distance 

Miles 

1900 
July 

1900 
September 

Home  supply  to  Barnes*  ditch 

Barnes*  ditch  to  I^veland  and  Greeley  canal 

Loveland  and  Greeley  to  Big  Thompson  ditch 

Big  Thompson  to  Hill  and  Brush  ditch 

Hill  and  Brush  to  Big  Thompson  and  Platte 
River  ditch 

5.7 
3.1 
10.5 
5.3 

10.6 
11.0 

+8.18 
+6.27 
-4.68 

+7.98 

+8.80 
+25.25 

+8.67 
-4).28 
+9.08 
+3.01 

+5.00 

Big  Thompson  and  Platte  to  the  Bvans  town 
ditch 

+11.50 

Totals 

46.2 

+51.85 

+28.07 
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LITTLE  THOMPSON. 


1900 
September 


Hagrle  ditch  to  Dry  creek 

Dry  creek  to  Rockwell  ditch , 

Rockwell  to  Miner  &  Longrdon  ditch 
Miner  &  I/>nirdon  to  month 

Total 


ST.  VRAIN  CREEK. 


1900 
October 


I#yons  to  the  Oligarchy  ditch 

Oligarchy  to  the  Niwot  ditch 

Niwot  to  the  Boulder-Weld  county  line 

County  line  to  Boulder  creek 

Boulder  creek  to  Fleming  place 

Fleming  place  to  Platte  river 

Total _ 


-5.76 
+2.86 
+14.72 
+10.47 
+6.58 
+8.55 


+36.41 


LEFT  HAND  CREEK. 


1900 
October 


Johnson  ditch  to  Holland  ditch 

Holland  ditch  to  Williamson  and  Way  ditch 

Williamson  and  Way  to  one  mile  west  Burch  school 
fiurch  school  to  St.  Vrain  creek 

ToUl 


+1.25 
+0.39 
+0.18 
+6.01 


+7.83 


Prom  both*St.  Vrain  and  Left  Hand,  44.24. 
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BOULDBR  CREBK. 


1900 
October 


Gaging  station  to  Valmont  bridge 

Valmont  bridge  to  Leggett  crossing 

I^eggett  crossing  to  Boulder- Weld  county  line 
Boulder- Weld  county  line  to  mouth 

Total _ 


+is.e3 

+  3.86 
+11.60 
-  1.49 


+27.60 


SOUTH  BOULDER  CREEK. 


1900 
October 


Gaging  station  to  Dry  creek. 
Dry  creek  to  mouth 

Total 


+  0.93 
+  0.12 


1.05 


Prom  both  Boulder  and  South  *Boutder,  +28.65. 

CLEAR  CREEK. 


1900 
October 


Three-quarters  mile  above  Golden  to  Rocky  Mountain  ditch . . 

Rocky  Mountain  ditch  to  Slough  branch 

Slough  branch  to  Jefferson-Arapahoe  county  line 

Jefferson-Arapahoe  line  to  Clear  creek  and  Platte  ri\-er  ditch . 
Clear  creek  and  Platte  river  ditch  to  mouth 

ToUl 


-2.48 
+  8.02 
+  4.36 
+  3.75 
+  2.15 


+15.80 


BEAR  CREEK. 


1900 
October 


Morrison  to  Pioneer  Union  ditch 

Pioneer  Union  to  Jefferson-Arapahoe  county  line 
Jeffersun- Arapahoe  line  to  mouth 

Total 


+  3.70 

+  9.53 
+  2.48 


+15.71 
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RIO  GRANDE  RIVBR. 


1900 
AusfttSt 


Soatli  Pork  to  United  States  gAging  station 

United  States  gaging  station  to  Del  Norte 

Del  Norte  to  Off's 

Off'stothe  Prairie  canal 

Prairie  canal  to  Monte  Vista  bridge 

Monte  Vista  to  San  Luis  canal.*. 

San  Luis  canal  to  Hickory  Jackson  ditch 

Hickory  Jackson  to  Alamosa.  

Alamosa  to  above  mouth  of  Conejos  river 

Above  Conejos  river  to  below  mouth  of  Conejos. 

Below  mouth  of  Conejos  to  Los  Sauces 

I/>s  Sauces  to  Iron  bridge 


Totel. 


+48.15 
-25.» 
+21.69 
-10.05 

-  3.24 
+21.89 
+18.78 
+  0.14 
+  0.24 
-0.85 
+  1.75 

-  5.09 


+82.96 


The  first  section  above  ^ven  has  been  meanured  for  the  first  time  in  1900,  and.  in  compar- 
ing with  the  results  of  previous  years,  should  be  left  out  of  account. 


CONEJOS  RIVBR. 


1900 
August 


Gaging  station  to  San  Juan  bridge .. 
San  Juan  bridge  to  Conejos  bridge. .. 

Conejos  bridge  to  Cenritos 

Cerritos  to  San  Antonio  creek 

San  Antonio  creek  to  Mclntlre  place 
Mclntire  place  to  Mclntire  Springs.. 
Mclntire  Springs  to  mouth 

Total 


+  2.09 
-22.12 
+  0.80 
-  l.OB 
+  6.66 
+  3.00 
4  6.88 


-4.22 
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UNCOHPAHGRE  RIVBR. 


1900 
November 


Bachelor  mine  switch  to  11th  correction  line 

Bleventh  correction  line  to  Ridgewmy 

Ridffeway  to  6H  mile*  below  Kidgtw^y 

Six  and  one-half  miles  below  Ridgtwtiy  to  Ouray- Montrose  county  line. 

Ouray-Montrote  county  line  to  Stark  brid^r^  ., 

Stark  bridire  to  Montrose 

Montrose  to  mouth  of  Spring  creek 

Spring  creek  to  Olathe _ 

Olathe  to  Boles  &  Manny  ditch 

Boles  &  Manny  ditch  to  mouth 

ToUl  


-fl.lO 
-I-2S.28 
-2.65 

+11.10 

+10.28 

-o.o» 

+19.43 
+15.97 
-4.01 
+14.28 


+88.56 
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REPORT  OF  THE  ARKANSAS  VALLEY  SUBSTATION. 


The  i)olicy  of  the  sub-station  this  year  has  been  different 
from  that  of  former  years,  in  that  less  work  has  been  at- 
tempted upon  the  property  belonging  to  the  station,  thus  re- 
lieving the  superintendent  of  many  of  the  duties  connected 
with  the  farm,  and  enabling  him  to  apply  much  of  his  time 
to  observations  and  investigations  in  different  parts  of  the 
valley. 

The  superintendent  has  visited  the  valley  from  Pueblo 
to  Holly,  and  has  put  in  approximately  one-half  of  his  time 
in  this  outside  work.  Two  visits  were  made  to  points  east 
of  La  Junta,  one  to  Pueblo,  three  to  Ordway,  and  much  time 
given  to  obsCTvations  at  points  between  Manzanola  and  La 
Junta. 

The  principal  field  work  of  the  season  has  been  done  with 
the  cantaloupe  and  sugar  beet,  giving  some  attention  to 
questions  relating  to  the  tomato.  Attention  has  been  given 
to  matters  of  minor  imi)ortance  in  so  far  as  it  might  give  us 
an  insight  into  the  work  of  the  future. 

The  operations  on  the  station  proper  have  included  work 
with  the  following:  Cantaloupes,  sugar  beets,  tomatoes, 
legumes  for  green  fertilizers,  pasture  plants,  potatoes, 
wheats,  care  of  experimental  orchard,  codling  moth  (in  or- 
chard of  Mr.  Crowley),  meteorology,  and  distribution  of 
seeds. 

The  200  acres  controlled  by  the  station  have  been  leased 
the  past  season  to  four  different  parties,  except  about  fifteen 
acres  reserved  for  experimental  purposes.  From  the  leased 
land  some  information  of  experimental  value  has  been  se- 
cured, besides  a  considerable  revenue,  lessening  the  net  cost 
of  the  sub-station  by  about  |1,000. 

CANTALOUPES. 

The  experiments  with  the  cantaloupe  have  included  the 
following  lines  of  work : 

1.     Noting  the  amount  and  distribution  of  the  blight. 
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2.  Use  of  the  Bordeaux  mixture  in  the  control  of  the 
disease. 

3.  The  proper  times  and  amount  of  spray. 

4.  Effect  of  the  Bordeaux  upon  the  quality  of  the  fruit 

5.  Potassium  sulphide  as  a  spray  for  control  of  the 
blight. 

6.  Cross  fertilizing  of  the  cantaloupe  with  its  own  pol- 
len; also  with  that  of  the  cucumber,  pumpkin^  squash  and 
watermelon. 

7.  Effect  of  seed  selection. 

Observations  were  made  over  the  valley  from  Pueblo  to 
Holly  for  the  purpose  of  noting  the  distribution  of  the  blight 
At  every  place  visited,  except  Pueblo,  we  found  the  disease 
prevalent.  There  seemed  to  be  no  uniformity  in  regard  to 
the  extent  to  which  the  disease  attacked  the  fields.  Severe 
cases  of  it  were  seen  in  almost  every  locality. 

The  results  with  the  use  of  the  Bordeaux  have  confirmed 
those  of  last  year,  as  reported  in  Press  Bulletin  4  and  in  the 
local  press.  Upon  the  station  about  five  acres  were  used  in 
the  spraying  experiments,  together  with  four  acres  sprayed 
for  Mr.  Deweese,  all  of  which  were  comparable  with  adjoin- 
ing fields.  In  addition  to  the  above  we  had  under  observa- 
tion four  fields  sprayed  by  farmers.  Two  early  sprayings 
were  given  two  acres  on  the  station,  and  the  same  were  given 
those  of  Mr.  Deweese.  One  acre  on  the  station  was  sprayed 
once,  quite  late  in  the  season,  and  a  small  area  was  given 
three  sprayings.  Those  under  observation  outside  were  given 
from  one  to  three  sprayings. 

The  season  was  not  a  favorable  one  for  the  spread  of  the 
disease.  The  summer  was  extremely  dry,  and  in  many  places 
the  blight  was  not  severe  enough  to  injure  the  vitality  of  the 
plant,  hence  the  results  are  not  so  marked  as  they  would 
have  been  had  the  weather  been  more  moist.  However,  on 
the  station,  the  benefit  to  the  vines  was  quite  apparent,  but 
the  most  benefit  does  not  lie  in  the  visible  preservation  of 
the  vines  so  much  as  in  the  preservation  of  the  quality  of 
the  fruit,  together  with  the  manner  in  which  the  fruit  ripens. 

The  parties  picking  the  cantaloupes  on  the  station  saw 
a  marked  difference  in  the  time  and  manner  in  which  those 
on  the  unsprayed  vines  ripened,  as  compared  with  those 
sprayed.  Unsprayed  melons  ripened  rapidly,  and  the  ripen- 
ing period  was  two  weeks  shorter  than  when  sprayed,  the 
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difference  in  quality  corresponding  in  the  same  degree.  The 
remark  was  made  by  many  who  saw  the  sprayed  portion: 
"How  nice  and  green  your  vmes  appear !"  They  were  strong 
and  healthy  to  the  time  of  frost. 

In  every  instance,  those  under  observation  confirmed  the 
results  of  the  station  in  a  greater  or  less  degree. 

Observation  shows  that  this  disease  often  impairs  the 
vitality  of  the  vine  and  reduces  the  quality  of  the  fruit,  when 
it  does  not  appear  to  have  spread  to  an  injurious  extent.  The 
cultivator  may  not  even  be  aware  of  its  presence. 

One  row  500  feet  long  was  sprayed  with  potassium  sul- 
phide in  water,  at  the  rate  of  one  pound  to  fifteen  gallons  of 
water,  at  which  strength  it  burns  the  foliage  without  any 
apparent  value  as  a  remedy  for  the  disease. 

One  hundred  and  ninety-five  crosses  were  made  in  our 
study  of  cross  fertilizing  as  above  mentioned.  We  were  suc- 
cessful in  securing  three  fruits  of  the  cantaloupe  crossed 
with  its  own  pollen,  and  a  cross  of  the  pumpkin  upon  the 
cantaloupe.    In  the  other  attempts  there  was  no  success. 

.  Three  grades  of  seed  were  used  in  a  test  of  the  effect  of 
seed  selection  upon  the  resultant  crop.  The  results  show  a 
difference  of  seven  per  cent,  in  the  amount  of' first-class  fruits 
between  the  first  and  third-grade  seeds. 

SUGAR  BEETS. 

Observations  and  experiments  upon  the  following  sub- 
jects have  been  made  with  the  sugar  beet : 

1.  Time  and  manner  of  planting  to  secure  a  stand. 

2.  Use  of  various  implements  in  overcoming  the  forma- 
tion of  a  crust  over  the  young  plant. 

3.  Time  and  amount  of  irrigation  as  affecting  yield 
and  quality. 

4.  Depths  of  planting.    ' 

5.  Sub-soiling. 

6.  Effect  of  seed  selection  upon  the  resultant  crop. 

7.  Kinds  of  insects  infesting  beets  and  remedies  for 
their  control. 

The  earliest  planting  of  which  I  am  aware  was  done  on 
April  9.  The  weather  conditions  during  April  were  unusual. 
During  the  month  7.16  inches  of  rain  fell,  which  was  well 
distributed,  the  weather  remaining  comparatively  warm  and 
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favorable  to  germination.  So  much  rain  fell  during  April 
and  May  that  but  little  irrigation  was  required  for  genniii- 
ating  the  seed,  hence  there  was  little  diilerence  in  the  man- 
ner of  planting.  In  most  instances  good  stands  were  secured, 
and  where  failure  resulted  it  was  more  often  due  to  deep 
planting  than  to  any  other  cause. 

The  greatest  difficulty  the  farmer  had  to  overcome  this 
year  was  the  formation  of  a  hard  crust  upon  the  surface  of 
the  soil,  through  which  the  young  plants  could  not  penetrate. 
To  destroy  this  crust  with  the  least  injury  to  the  plant  and 
soil  was,  then,  the  problem.  The  implements  used  for  the 
purpose  were  the  roller,  light  harrow  and  spider-feet  of  the 
beet  cultivators. 

Comparison  of  the  different  implements  has  shown  that 
the  harrow  is  the  most  efficient,  used  in  the  early  morning 
when  the  soil  is  damp.  Boiling  the  crust  has  a  tendency  to 
bruise  and  injure  the  young  plants.  A  comparison  of  the 
two  methods  shows  much  better  stands  from  the  use  of  the 
harrow. 

In  most  cases  two  or  three  irrigations  were  required  for 
the  maturing  of  the  crop.  Upon  a  four-acre  field,  of  uniform 
fertility,  of  the  station,  we  had  an  opportunity  to  study  what 
effect  the  amount  of  irrigation  may  have  upon  the  tonnage 
and  sugar  content. 

This  field  was  first  irrigated  from  the  fifth  to  the  eighth 
of  July;  a  second  time  from  August  sixth  to  tenth.  A  por- 
tion of  the  field  was  irrigated  for  the  third  time  on  the  six- 
teenth of  August.  The  latter  yielded  at  the  rate  of  seventeen 
and  one-fourth  tons  per  acre,  while  the  remainder  gave  but 
eleven  and  three-fourths  tons  per  acre. 

The  highest  percentage  of  sugar  with  two  irrigations 
was  twenty  per  cent.,  and  the  lowest  fifteen  per  cent.  The 
three  irrigations  showed  seventeen  per  cent,  the  highest,  and 
fifteen  per  cent,  the  lowest.  The  results  would  seem  to  indi- 
cate that  the  tonnage  may  be  appreciably  increased  by  the 
judicious  use  of  water  without  a  corresponding  decrease  in 
the  sugar  content,  but  the  maturity  of  the  beet  will  be  re- 
tarded, which  fact  must  be  taken  into  consideration. 

For  the  puri)ose  of  testing  to  what  depth  planting  should 
be  done  to  secure  the  best  results,  five  plantings  were  made, 
respectively,  one,  one  and  one-half,  two,  two  and  one-half, 
and  three  inches  in  depth. 
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The  depth  of  covering  was  so  gauged  that  perfect  accu- 
racy was  obtained  and  the  results  are  as  follows : 

With  the  one  and  one  and  one-half  inch  plantings  per- 
fect stands  were  secured;  and  with  the  two  inch  planting 
one-half  a  stand.  A  few  plants  came  up  at  two  and  one-half 
inches,  but  deeper  than  this  none  appeared.  Germination 
was  secured  by  rainfall,  so  that  the  conditions  were  uniform, 
and  the  results  are  positive  as  to  the  depth  to  which  beet  seed 
should  be  planted. 

Two  years  ago  beets  were  selected  that  analyzed  from 
seventeen  to  twenty-three  per  cent.  ,of  sugar  for  the  purpose 
of  planting,  to  note  the  effect  of  seed  selection  upon  the  fu- 
ture crop.  Seed  was  grown  from  them  last  year,  and  this 
season  it  was  sown.  Samples  were  taken  at  different  times 
for  analysis  of  those  grown  from  parent  beets,  showing  sev- 
enteen and  twenty-one  per  cent,  of  sugar.    . 

The  results  are  disappointing,  in  that  there  was  no  spe- 
cial difference  in  the  sugar  content  of  the  different  samples. . 
The  results  would  indicate  that  perhaps  more  depends  upon 
proper  care  and  cultivation  than  upon  seed  selection,  where, 
as  in  this  case,  both  selections  are  made  from  high-grade 
beets. 

The  sugar  beet  has  not  been  free  from  the  attacks  of  in- 
sects, viz.,  the  grasshopper,  leaf -roller  {Agallia)y  false  chinch 
bug  {Nysiu8\  two  species  of  cutworm  (alfalfa  worm),  blis- 
ter beetles,  and  beet  army- worms.  The  most  serious  damage 
was  done  by  the  leaf-hoppers  and  beet  army-worms.  The 
former  did  more  or  less  damage  the  whole  season,  but  not  of 
a  serious  nature.  The  latter  appeared  about  the  middle  of 
June,  and  threatened  for  a  time  to  destroy  some  fields. 

Observations  were  made  upon  sprayings  performed  with 
Paris  green  and  water  (one  pound  to  75  and  100  gallons),  and 
with  white  arsenic  (one  quart  of  the  solution  to  fifty  gal- 
lons) ;  also  upon  the  use  of  Paris  green  and  fiour  mixture  to 
dust  the  plants. 

I  conducted  some  trials  with  Paris  green  and  water 
(one  pound  to  fifty  gallons),  to  which  was  added  one  pound 
of  soap ;  also  the  use  of  a  quart  of  strong  kerosene  emulsion 
to  the  barrel  of  water.  The  soap  proved  to  be  a  valuable 
addition  to  the  Paris  green  spray,  as  it  made  the  poison  ad- 
here to  the  leaf  and  distributed  it  more  evenly  over  the  sur- 
face. The  work  of  the  season  showed  that  the  Paris  green 
spray  must  be  used  as  strong  as  one  pound  of  poison  to  fifty 
or  seventy-five  gallons  of  water  for  success. 
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The  arsenical  solution  was  quite  effective,  and  consider- 
able benefit  was  derived  from  the  dusting ;  but  the  plants  are 
not  well  covered  by  the  latter  method,  besides  it  is  too  ex- 
pensive. The  use  of  the  poison  and  soap  mixture  completely 
destroyed  the  worms  in  the  field  in  less  than  three  days. 

TOMATOES. 

The  following  lines  of  investigation  hav^  been  under  way 
with  the  tomato : 

1.  Field  planting  vs.  transplanting. 

2.  Early  and  late  transplanting  as  affecting  yield  and 
ripening. 

3.  Transplanting  in  the  field. 

4.  Early  and  late  pruning  as  affecting  production  and 
ripening. 

The  above  work  was  of  a  preliminary  nature.  There  is 
a  considerable  failure  on  the  part  of  the  tomato  to  fruit,  and 
the  experiments  were  planned  looking  to  a  study  of  the  cause. 
Many  are  the  reasons  ascribed,  but  careful  experimenting 
proves  that  not  all  the  theories  put  forth  are  correct.  The 
yield  was  not  nearly  as  good  from  the  field-grown  plants  as 
from  the  transplanted  ones. 

Early  transplanting  gave  much  better  results  than  late, 
and  no  benefit  was  secured  from  transplanting  in  the  field. 
No  benefit  was  derived  from  the  pruning,  except  possibly  a 
few  tomatoes  ripened  a  few  days  earlier  on  the  late  pruned 
vines. 

LEGUMES. 

The  work  of  testing  leguminous  crops  for  green  fer- 
tilizers has  been  continued  with  the  following  plants :  hairy 
vetch,  cow  pea,  and  soy  bean.  Three  plantings  of  the  hairy 
vetch  were  made  in  the  fall  of  1899,  for  the  purpose  of  testing 
the  time  at  which  it  may  be  sown  in  the  fall  and  make  a  fer- 
tilizer for  the  succeeding  year's  crop.  The  plantings  were 
made  August  31,  September  26,  and  October  10.  The  plant- 
ing of  August  31  stood  about  two  feet  high  by  the  twelfth  of 
May  and  commenced  to  bloom.  The  planting  made  the 
twenty-sixth  of  September  was  about  one  foot  high  by  the 
twelfth  of  May  and  would  have  made  splendid  pasture.  The 
area  devoted  to  these  two  sowings  was  six-sevenths  of  an 
acre,  from  which  3,000  pounds  of  straw  and  seed  was  har- 
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vested,  besides  a  vast  amount  of  aftermath  remaining  on  the 
ground.  The  yield  of  seed  was  300  pounds.  This  plant  prom- 
ises to  be  a  valuable  acquisition  to  the  agriculture  of  this 
section  as  a  forage  plant,  a  green  fertilizer,  for  bee  forage, 
and  as  a  soil  binder  in  the  spring.  We  now  have  it  in  such 
a  position  that  we  will  be  able  to  secure  comparative  results 
.with  it  as  a  fertilizer  another  year. 

The  splendid  results  secured  where  alfalfa  is  employed 
as  a  fertilizer  show  the  necessity  and  advisability  of  employ- 
ing nitrogenous  crops  as  fertilizers  for  this  soil.  The  many 
places  where  alfalfa  can  not  be  used  compels  the  use  of  some 
other  legume. 

The  cow  pea  is  a  valuable  plant  for  green  fertilizing,  as 
well  as  for  its  grain.  About  one  acre  was  grown  this  year, 
but  at  present  the  threshing  is  not  completed  and  yields  can 
not  be  reported.  Root  tubercles  were  plentiful  upon  both 
this  plant  and  the  hairy  vetch,  and  the  amount  of  vegetable 
matter  left  upon  the  ground  after  harvesting  is  such  as  to 
commend  them  to  all  who  wish  a  soil  improver. 

The  medium  soy  bean  grows  and  bears  well,  and  its  fer- 
tilizing value  to  the  soil  is  no  inconsiderable  amount.  Un- 
fortunately, we  have  not  been  able  to  thresh  out  the  grain 
to  show  what  it  produces,  but  I  estimate  it  will  yield  from 
fifteen  to  twenty  bushels  per  acre.  This  is  such  as  to  warrant 
its  growth  for  grain  and  forage,  in  addition  to  the  fertility 
derived. 

PASTURES. 

The  testing  of  grasses  for  pasture  has  been  continued. 
Those  under  observation  the  past  year  were  orchard  grass, 
brome  grass  {hromus  in€7inis)y  perennial  rye  grass,  and  a 
sowing  in  August  of  the  fall  meadow  oat  grass.  The  first 
mentioned  has  proven  its  adaptability  to  this  section.  It 
resists  drought,  makes  good  growth,  and  cows  pastured  upon 
it  do  well.  The  bromus  has  proven  to  be  of  no  value  to  this 
section.  It  makes  some  growth  in  the  early  spring,  but  does 
not  withstand  the  heat  of  summer.  Pasturing  shows  it  to 
have  but  little  nutritive  value.  The  perennial  rye  grass  has 
been  under  observation  only  one  year,  but  it  gives  promise  of 
good  results.  The  growth  is  good  and  a  heavy  sod  is  formed, 
it  remains  green  during  the  hot  summer,  and  stock  eat  it 
with  avidity. 
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POTATOES. 

We  have  continued  some  investigations  to  gain  further 
information  as  to  why  this  crop  is  not  a  success  in  this  sec- 
tion. The  past  year  has  shown  that  to  the  climate  to  the 
greatest  d^ree,  and  not  to  the  soil^  must  be  ascribed  the, 
failure.  The  work  on  the  station  was  a  comparative  one  as 
to  the  manner  of  planting.  Alfalfa  sod  was  selected  for  the 
purpose,  which  was  fall  and  spring  plowed.  About  three 
weeks  before  the  time  of  planting,  half  of  the  land  was  irri- 
gated and  when  dry  enough  was  plowed,  and  the  seed  planted 
in  the  furrow.  The  other  half  was  planted  and  afterwards 
irrigated  in  furrows.  The  purpose  of  this  was  to  note  the 
effect  upon  the  crop  of  the  different  means  of  germinating 
the  seed. 

Equally  good  stands  were  secured  on  each  section,  and 
the  treatment  throughout  the  season  was  the  same.  The 
summer  was  extremely  hot  and  dry,  and  both  sections  were 
entire  failures. 

Observations  of  other  fields  that  were  comprised  of  low- 
lying,  sub-irrigated  lands,  which  gradually  merged  to  that 
which  was  higher,  dryer  and  more  sandy,  revealed  the  cause 
to  which  success  or  failure  is  due.  Upon  the  low,  wet  land, 
where  cool  conditions  could  be  maintained,  somewhat  satis- 
factory results  were  secured;  while,  on  the  other  hand,  where 
such  conditions  could  not  be  obtained,  the  result  was  a 
failure. 

WHEAT. 

The  varieties  of  wheat  recorded  in  the  report  of  1899  as 
being  sown  in  a  field  way  were  turned  over  to  the  leasers, 
hence  complete  records  could  not  be  secured.  Some  of  the 
same  varieties  were  duplicated  in  small  plats  in  an  experi- 
mental way,  and  from  observations  of  their  growth  and  be- 
havior we  have  discarded  all  but  two  varieties,  viz..  Ruby 
and  Defiance.  In  a  field  way  the  latter  yielded  sixty-seven 
bushels  from  2.7  acres  of  land.  The  seed  was  sown  the  lat- 
ter part  of  January. 

Both  of  the  above  varieties  are  either  spring  or  winter 

wheats  in  this  section,  and  the  possibility  of  their  being  sown 

so    late   makes    them    especially    desirable    kinds.      Often, 

•weather  conditions  and  water  supply  are  such  that  wheat 

can  not  be  sown  early  in  the  fall,  but  favorable  conditions 
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may  prevail  at  winter  periods.  This  Is  many  times  an  ad- 
vantage to  the  farmer.  In  point  of  yield  and  milling  prop- 
erties these  varieties  have  no  superior  among  those  tested. 
Of  the  strictly  winter  wheats,  the  "Hunter's  Winter"  was 
the  most  desirable  one  tested.  It  ripens  about  the  twenty- 
fifth  of  June,  and  thus  is  harvested  before  hot  weather  oc- 
curs, which  is  apt  to  shrivel  the  grain  and  reduce  the  yield. 
From  one  pound  of  the  "Defiance"  seed,  eighty  pounds  of 
grain  were  secured,  and  from  one  pound  of  "Ruby,"  seventy- 
nine  pounds  of  grain. 

ORCHARD. 

.  Many  of  the  trees  in  the  old  orchard  have  shown  that 
they  were  not  adapted  to  this  section,  and  for  that  reason 
they  have  been  cut  down.  The  varieties  of  apples  remaining 
are  the  Duchess,  Ben  Davis,  Early  Harvest,  Whitney  No.  20, 
Wealthy,  Kirkbridge  Early  White,  Red  Astrachan,  Salome, 
Saps  of  Wine,  Missouri  Pippin,  Walbridge,  Titter's  Red,  Bell- 
flower,  Arkansas  Black,  Northern  Spy,  Mcintosh  Red  and 
McMahon's  White.  Some  trees  that  failed  to  grow  in  the 
new  orchard  have  been  replaced,  and  to  these  have  been 
added  some  new  varieties  for  testing.  Very  good  growth  of 
all  kinds  has  been  made.  There  still  remain  some  vacant 
places  that  should  be  filled  by  new  and  promising  kinds. 

ENTOMOLOGY. 

In  connection  with  the  section  of  entomology  consider- 
able work  has  been  done  with  the  codling  moth.  For  this 
work  the  Hon.  J.  H.  Crowley  kindly  placed  at  our  disposal 
such  trees  as  were  desired.  Complete  notes  were  kept  and 
the  records  furnished  Prof.  Gillette.  Bearing  trees  in  the 
station  orchard  were  used  in  a  study  of  the  percentage  of 
worms  remaining  in  the  apple  at  the  time  of  harvest,  and  a 
further  study  of  the  percentage  of  wormy  apples  on  the  treef 
at  harvest  time. 

The  records  now  contain  the  results  of  three  years'  work, 
along  different  lines,  in  a  study  of  this  insect,  and  give  us 
some  information  desired  by  the  horticulturist  as  to  its  hab- 
its and  control. 

METEOROLOGY. 

The  meteorological  observations  have  been  continued 
and  reports  made  to  the  weather  bureau,  section  of  meteor- 
ology, and  the  local  press.     Some  of  the  back  records  have 
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been  compiled  and  use  made  of  the  same  by  parties  interested 
in  beet  culture. 

SEEDS. 

As  the  policy  of  the  station  has  been  to  distribute  the 
work  over  the  valley  and  to  give  the  tests  as  wide  a  range  as 
possible,  some  co-operative  tests  with  farmers  were  inaug- 
urated with  different  field  crops.  For  this  purpose  the  fol- 
lowing kinds  of  seeds  were  distributed  and  reports  will  be 
collected:  Cow  peas,  soy  bean,  coffee  pea,  White  Kansas, 
Iowa  Silver  Mine,  and  Golden  Beauty  corn ;  cantaloupe,  and 
hairy  vetch. 

Eighteen  parties  received  seed.  The  objects  for  which 
they  have  grown  them  are:  fertilizer,  forage,  cover  crops, 
grain,  bee  forage,  and  test  of  the  distribution  of  cantaloupe 
blight. 

FEEDING. 

Late  in  November  arrangements  were  made  for  the  feed- 
ing of  sheep  on  sugar  beet  pulp. 

The  principal  object  of  the  feeding  is  a  comparison  of 
the  pulp  with  corn  as  a  fattening  food  for  sheep,  and  the  es- 
tablishment of  a  value  for  the  former  with  the  latter.  About 
250  head  will  be  fed. 

Besi)ectfully  submitted, 

H.  H.  GRIFFIN, 

Superintendent. 
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REPORT  OF  THE  PLAINS  SUB-STATION. 


In  the  main,  the  work  was  carried  out  aa  it  was  planned. 

Weather — A  very  heavy  rainfall  in  April  soaked  the  soil 
to  a  depth  of  from  three  to  six  feet.  The  rainfall  in  the  suc- 
ceeding months  was  light  and  poorly  distributed  for  the 
growth  of  crops.  A  record  of  temperature,  wind,  rainfall 
and  relative  humidity  of  the  air  has  been  kept  throughout 
the  year,  as  in  previous  years.  I  have  also  acted  as  a  volun- 
teer weather  observer  for  the  United  States  weather  bureau. 

HORTICULTURE. 

All  fruit  trees  made  a  good  growth  this  year.  Three 
apple  trees  blossomed.  One  Duchess  of  Oldenburg,  which 
was  located  where  no  extra  water  could  reach  it,  matured 
two  apples,  which  were  fine  specimens.  Two  Missouri  Pip- 
pin trees  blossomed,  but  only  one  matured  fruit.  It  produced 
fourteen  mature  specimens  of  medium  size.  These  Missouri 
Pippin  trees  ftre  located  where  they  get  some  water  from  the 
prairie,  and  the  one  which  matured  fruit  is  so  near  the  house 
that  some  waste  water  was  given  it. 

Plums — Several  varieties  blossomed.  Some  extra  fine 
fruit  was  produced,  but  no  trees  bore  what  could  be  called  a 
good  crop.  Some  of  these  trees  were  set  in  1894  and  some 
in  1895,  and  the  record  is  so  incomplete  that  we  can  not  give 
the  names  of  the  varieties  which  produced  fruit.  Of  the  vari- 
eties set  in  1897 — three  each  of  Weaver,  Rollingstone,  Wolf, 
Cheney  and  American  Eagle — one  Wolf  tree  is  dead,  but  two 
Wolf  plum  trees  bore  some  fine  fruit ;  one  Cheney  tree  also 
bore  some  good  specimens ;  the  other  three  varieties  bore  no 
fruit.    The  wind  caused  considerable  loss  of  fruit. 

Cherries — Early  Richmond,  Early  May  and  English 
Morello  trees  bore  good  crops.  One  small  English  Morello 
tree  was  so  loaded  that  the  leaves  were  scarcely  visible.  The 
common  Morellos  bore  a  small  crop,  while  the  Rocky  Moun- 
tain cherries  were  loaded,  as  usual,  with  fruit,  which  is  of 
doubtful  quality.  They  appear  to  be  the  same  as  the  dwarf 
cherries  found  growing  on  the  chalk  hills  upon  the  plains. 
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Cultivation  has  increased  the  size^  and  selection  has  reduced 
the  bitter  principle,  but  the  main  characteristics  of  the  choke 
cherry  remain. 

Oooseherries — The  Downing  and  Houghton  gooseberries 
both  bore  good  crops. 

Apricots — The  Kussian  apricots  set  in  1899  all  lived  and 
grew  well  this  year.    None  bore  fruit. 

Peach  Trees — Twelve  of  the  nineteen  peach  trees  set  in 
1899  are  still  alive.  Twenty-four  more  were  set  this  year, 
but,  on  account  of  an  accident  at  the  time  of  setting,  only  a 
few  lived. 

Dewberries — In  1899  fifty  each  of  Lucretia  and  Mammoth 
dewberries  were  set  on  the  north  side  of  a  sod  wall,  where 
much  moisture  collects.  Twenty  of  the  Lucretia  and  five  of 
the  Mammoth  plants  lived.  Some  fine  fruit  was  produced 
by  the  Lucretia  plants  this  year.  A  few  blossoms  were  seen 
on  the  Mammoth  plants,  but  no  fruit  matured  properly.  The 
Lucretia  plants  have  spread  like  they  considered  themselves 
at  home. 

Blackberries — Of  the  one  hundred  and  fifty  plants  set 
in  1899,  only  a  few  are  now  alive.    These  are  not  thrifty. 

Raspberries — None  of  the  plants  set  in  1899  are  now 
alive.  The  old  stock  of  Cuthbert  raspberries  set  in  1894  con- 
tinue to  live,  but  they  have  never  borne  more  than  a  few  ber- 
ries any  year. 

Crabapples — All  but  one  of  the  crabapple  trees  set  in 
1899  are  alive.    They  have  made  a  good  growth. 

Pears — The  six  dwarf  pear  trees  set  in  1899  have  made 
a  small  growth,  and  are  still  in  good  condition. 

FOREST  TREES. 

The  ash,  black  locust  and  Russian  mulberry  trees,  which 
were  planted  around  the  orchard  in  1895  now  make  quite  a 
good  wind-break,  although  they  are  sixteen  feet  apart.  The 
black  locust,  ash  and  box-elder,  which  have  grown  from  seeds 
planted  in  1897,  are  still  thrifty.  Of  the  thirty  varieties 
of  seed  planted  in  1899,  only  black  locust,  honey  locust,  wal- 
nut and  coffee  bean  have  grown.  Nearly  all  these  germinated 
in  1900. 

Russian  Mulberries — In  1897  we  planted  five  rows  of 
Russian  mulberries  across  the  field  at  intervals  for  wind- 
breaks.   Observation  has  shown  that  the  harm  they  do  or- 
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dinary  crops  by  taking  up  the  moisture  outweighs  the  bene- 
fits derived  from  their  use.  I  have  found  the  roots  of  a  Rus- 
sian mulberry,  which  was  not  more  than  six  feet  high,  fifty 
feet  from  the  shrub  to  which  they  belonged.  One  row  was 
grubbed  out  in  1900.  The  others  should  be  grubbed  as  soon 
as  convenient. 

The  following  table  gives  result  of  the  tree  planting  done 
in  1899: 

No.  No. 

No.  Alive  Alive 

Planted  Oct.  1,  Oct.  1, 

Variety.                                                                                          In  1899.  1899.  1900. 

Blm   100  43  43 

Honey  locust 1,000  424  881 

Aflh   1,000  414  378 

Catalpa  100  90  77 

WUd  black  cherry 100  16  11 

Russian  wild  olive 10  10  10 

Russian  apricot 12  12  12 

Pear    (dwarf) 6  6  6 

Cherry    (cultivated) 6  4  4 

CTrabapple 10  9  9 

Peach   19  12  12 

Prune 5  1  1 

Garden — A  small  garden  was  quite  productive.  Beans, 
peas,  radishes,  lettuce  and  onions  from  sets  did  well.  We 
have  failed,  always,  to  raise  onions  from  seed. 

Potatoes — One-half  an  acre  of  Early  Ohio  potatoes  was 
planted.  These,  in  common  with  nearly  every  potato  patch 
in  eastern  Colorado  were  almost  an  entire  failure.  The 
cause  was  an  attack  of  potato  beetles  {Meloidae)^  followed 
by  prolonged  drought. 

Sweet  Potatoes — Two  hundred  plants  were  set.  They 
yielded  at  the  rate  of  ninety  bushels  per  acre. 

Melons — Several  varieties  of  watermelons  and  musk- 
melons  were  planted.  Cutworms  did  much  damage  when  the 
plants  were  small.  The  vines  which  lived  bore  fair  crops. 
The  coyote  is  one  of  the  worst  enemies  with  which  the  water- 
melon grower  has  to  contend.  Coyotes  are  as  fond  of  ripe 
watermelons  as  piccaninnies  are  said  to  be. 

Squash — Several  varieties  were  planted.  Squash  bugs 
took  all  the  vines  that  the  cutworms  left. 
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Cucumbers — Cucumbers  produced  a  good  yield.  They 
were  not  attacked  by  any  enemies,  and  have  proved  to  be  one 
of  the  most  profitable  of  all  garden  crops. 

Sweet  Corn — Maule's  First  of  All,  Nonesuch,  Country 
Gentleman  were  planted.  This  gave  a  long  roasting-ear  sea- 
son. Each  variety  produced  a  light  crop,  on  account  of  lack 
of  rain  at  a  critical  time. 

Popcorn — White  Pearl  was  the  only  variety  planted. 
It  produced  a  good  crop  of  corn,  and  the  largest  crop  of  corn 
fodder  which  was  grown  on  the  place  this  year. 

Flowers — Sweet  peas,  nasturtiums,  portulacca,  hardy 
phlox,  cosmos,  marigolds,  oxalis  and  balsams  were  planted 
where  waste  water  from  the  house  could  be  given  them  in 
time  of  need.  It  was  used  on  all  except  the  balsams,  which 
seemed  to  do  well  with  only  the  natural  rainfall.  In  order 
to  obtain  the  greatest  possible  benefit  from  the  water,  it  was 
usually  applied  warm,  and  was  poured  into  trenches  beside 
the  plants.  Then,  as  soon  as  the  water  had  soaked  into  the 
soil,  the  trenches  were  filled  with  loose,  dry  earth.  The  sweet 
peas  bore  enormous  crops  of  flowers  and  all  the  other  vari- 
eties did  well.  The  cosmos  did  not  begin  to  produce  flowers 
until  October  1.  The  plants  were  a  blaze  of  blossoms  from 
that  time  until  killed  by  the  freeze,  October  30.  They  suc- 
cessfully withstood  a  temperature  of  26  degrees  F.  These 
were  photographed,  and  photographs  w^ill  be  filed  later. 

FIELD  OROPS^  1900. 

Canada  Field  Peas — A  small  plat  of  Canada  Field  Peas 
was  planted.  The  yield  was  so  light  that  they  were  not  har- 
vested. 

Cow  Peas — Taken  by  grasshoppers.  This  is  the  first 
time  we  have  failed  to  raise  cow  peas  here. 

Tree  Beans — Taken  by  grasshoppers. 

Oats — One  variety  of  oats,  U.  S.  No.  2788,  was  sown 
April  14.    The  yield  was  eighteen  bushels  per  acre. 

Wheat — One  variety  of  spring  wheat,  U.  S.  No.  2953, 
was  sown  April  14.    The  yield  was  ten  bushels  per  acre. 

Cra^s — Bromus  inermis,  Agrophyrum  tenerum,  Agro- 
phyrum  cristatum  (seed  furnished  by  the  United  States  de- 
partment of  agriculture)  were  sown  April  3.  Very  little  ger- 
minated. None  can  be  found  on  the  plats  now.  Paspalum 
dilatatum  (Australian  seed)  also  failed  to  grow. 
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Bromus  Inermis — Seeded  in  1898,  on  a  two-acre  plat; 
Btill  Bhows  a  good  stand  on  about  four  square  rods.  Some 
of  it  grew  sixteen  inches  high  this  year.  We  have  left  all 
parts  of  the  plat  where  any  grass  shows,  in  order  to  give  the 
grass  a  chance  to  spread  and  become  thicker,  as  it  is  sup- 
posed to  do.  We  can  not  see  that  it  is  any  thicker  than  it 
was  a  year  ago. 

Sand  Vetch — A  plat  of  Vicia  villosa  was  planted.  The 
seed  was  furnished  by  the  United  States  department  of  agri- 
culture. A  good  stand  was  obtained.  Twice  before  we  have 
obtained  stands  of  Vicia  villosa,  which  were  destroyed  by 
accidents  before  the  merits  of  the  plant  could  be  tested.  But 
this  is  in  a  place  where  it  can  be  left,  undisturbed,  indef- 
initely. 

Hagi — Seed  furnished  by  United  States  department  of 
agriculture.  It  was  planted  April  24.  A  few  plants,  which 
closely  resemble  Lespedeza,  native  in  central  Kansas,  have 
been  obtained.    They  are  now  about  a  foot  high. 

Flax — One-half  an  acre  of  Russian  flax  was  planted  this 
year.  A  few  feet  of  row  was  planted  in  1898,  and  the  same 
amount  in  1899.  Both  these  trials  showed  well-filled  bolls. 
The  plat  this  year  produced  a  yield  of  eight  and  one-third 
bushels  per  acre.  It  was  planted  April  4  on  ground  plowed 
five  inches  deep  and  carefully  prepared.    It  was  cut  July  9. 

Alfalfa — The  one-half  acre  of  alfalfa  sown  in  1897  and 
two  acres  sown  in  1899  were  cut  May  30,  yielding  about  one- 
half  ton  per  acre.  The  same  ground  was  cut  over  again  July 
9,  and  a  crop  of  Russian  thistles  taken  from  it.  These  are 
stacked  for  use  during  the  coming  winter.  After  this  crop 
was  taken  off  a  part  of  the  ground  was  disced  to  cultivate 
the  alfalfa.  So  far,  we  have  seen  very  little  result  from  the 
summer  discing.  We  feel  sure,  however,  that  the  disced  por- 
tion was  not  injured  by  the  treatment. 

Sorghum — Nine  varieties  of  sorghum  were  planted  in 
large  plats.  An  accurate  account  was  kept,  showing  the  time 
spent  in  planting,  cultivating  and  harvesting.  All  were 
planted  with  a  lister  drill.  May  4  to  10,  and  were  given  care- 
ful field  culture,  consisting  of  harrowing  and  plowing  at  such 
times  as  seemed  necessary  when  following  rational  farm 
practice,  the  object  of  which  is  to  make  the  crop  pay,  finan- 
cially. Once,  on  account  of  not  being  able  to  cultivate  at 
the  right  time,  a  part  of  the  crop  became  so  weedy  that  the 
weeds  had  to  be  cut  out  with  a  hoe.    This  increased  the  ex- 
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pense,  but  it  is  included  in  the  estimate  of  expenses^  because 
such  things  frequently  happen  in  farm  practice. 

The  cost  of  producing  one  acre  of  sorghum  and  putting 
it  into  the  shock  was : 

Labor  of  man  and  team,  per  acre |2  07 

Three  pounds  of  seed  at  2  cents,  per  acre 06 

Feed  of  team  and  wear  of  tools,  per  acre  (estimated) 25 

Total  cost  per  acre |2  88 

Only  .twenty-five  acres  were  planted.  By  raising  it  on  a 
larger  scale,  we  believe  that  the  cost  would  be  considerably 
reduced. 

The  seed  of  Early  Amber,  Colman,  Edgar  and  Folger's 
Early  was  furnished  by  the  United  States  department  of 
agriculture.  The  other  varieties  were  bought  from  seedsmen. 
The  following  table  shows  the  yields  of  the  varieties  : 


Name 


Yield  of  Fodder 
Per  Acre,  Pounds 


Yield  of  Seed 


Barly  Amber 

Collier 

Edgar  

Colman 

Folger's  Early 

Early  Orange 

White  African  .... 
Kansas  Orange  .. 
Early  Minnesota.. 


2,178 
1,971 
2,490 
8.182 
4.095 
2,894 
2.700 
8,591 
2.835 


..  Very  little  seed 

No  seed 

No  seed 

No  seed 

No  seed 

No  seed 

No  seed 

Considerable  seed 
Considerable  seed 


The  following  table  gives  the  results  of  some  sorghums 
grown  in  small  plats : 


Name 

Yield  of  Fodder 
Per  Acre,  Pounds 

Yield  of  Seed 

Honey  Dew,  from  U.  S.  department  of  agriculture 

Chinese,  from  U.  S.  department  of  agriculture 

No.  161,  from  U.  S.  department  of  agriculture 

5.400 
5,400 
5,000 

Good  yield  of  seed 
Seed  badly  mixed 
Much  seed  ripened 

Early  Amber,  from  Joseph  Ruby,  Thurman,  Colo.,  planted  June  7;  ripe  September  1. 
No.  939,  from  U.  S.  department  of  agriculture,  planted  April  24;  ripe  August  20. 
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No.  939  is  from  seed  obtained  in  northern  Siberia.  It 
grew  but  little  leaf  and  a  hard  stalk. 

Black-hulled  white  Kafir  corn  was  planted  May  10.  A 
poor  stand  was  obtained.  It  matured  no  seed,  but  grew  tall, 
and  made  very  thick,  heavy  stalks.  The  yield  was  estimated 
at  1,245  pounds  per  acre. 

A  small  plat  of  Brown  Durra  was  put  in  on  plowed 
ground  with  a  planter  drill.  It  was  so  thick  in  the  row  that 
it  made  very  small  heads  and  a  heavy  weight  of  leaves.  The 
yield  of  fodder  was  estimated  at  2,000  pounds  per  acre.  The 
yield  of  seed  was  not  estimated. 

CORN  AT  THE  PLAINS  SUB-STATION. 

The  full  record  of  the  corn  trials  at  the  sub-station  are 
here  inserted,  to  make  the  record  of  the  crops  as  given  in  the 
last  annual  report  complete.    The  tests  have  been  as  follows : 

1894r— Four  varieties,  planted  May  10  to  16:  WilPs 
Gehu,  failure;  Pride  of  the  North,  some  fodder;  Queen  of 
the  Field,  fodder ;  White  Australian,  fodder. 

1895 — Eight  varieties,  planted  from  May  23  to  25 :  Pride 
of  the  North,  a  good  yield  of  fodder ;  Early  Sanf ord,  Red  Cob 
Ensilage,  Reiley's  Favorite,  Leaming  90-day,  Goddard's 
King  of  the  Early,  Early  Mastodon  and  Colorado  White, 
fodder. 

1896— Twelve  varieties,  pla^ted  May  18  to  26 :  Will's 
Gehu,  a  few  nubbins ;  the  remaining  varieties  fodder  only — 
Pride  of  the  North,  Queen  of  the  Field,  White  Australian, 
Early  Sanford,  Colorado  White,  White  Kansas  King, 
Eclipse,  Giant  Long  White  Flint,  Imperial  Leaming,  Early 
Butler  and  Early  Thompson. 

1897— Planted  from  May  15  to  17. 

Yield 
Variety.  Per  Acre. 

will's  Gtehu 6.19  bushels 

Pride  of  the  North 4.90  bushels 

Queen  of  the  Field 12.80  bushels 

White  Australian 9.10  bushels 

Early  Sanford 22.00  bushels 

Reiley's  Favorite 22.68  bushels 

Colorado  white 2.00  bushels 

White  Kansas  King i.00  bushels 
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Y.pld 
Variety.  Per  Acre. 

Eclipse    7.80  bushels 

at.  Ijong  White  Flint 7.70  bushels 

Imperial   Leamlnsr 6.60  bushels 

Early   Butler 5.00  bushels 

Snowflake    White 7.70  bushels 

Pearl   White 10.30  bushels 

Olant  Mexican,  fodder fodder 

Lonsrfellow  19.10  bushels 

Minn.  White 19,30  bushels 

Minn.   Kln^ 11.90  bushela 

Drougrht  Resrister 9.80  bushels 

Iowa  Gk)ld  Mine 1L60  bushels 

Negrro  Equality 8.80  bushels 

Rustler  16.70  bushels 

Mercer  18.70  bushels 

New   Leamlncr 9.90  bushels 

Murdock's   90-day 10.60  bushels 

Champion  Early  White  Pearl 8.90  bushels 

Extra  Early  Huron 9.30  bushels 

Andrei  of  Mldniffht 7.50  bushels 

Golden  Beauty 9.20  bushels 

Early  Huron 8.60  bushels 

Housrhton's  Silver  White 11.80  bushels 

South  Dakota  Flint 6.00  bushels 

Braslllan  Flour L30  bushels 

North  Dakota  Flint 8.80  bushels 

Swadley   9.10  bushels 

Early  Eclipse  Yellow 1.60  bushels 

King  Philip 6.60  bushels 

Squaw   7.80  bushels 

Canadian  T*ellow  Dent 6.70  bushels 

Wh.   Cap  Yellow  Dent 6.60  bushels 

Waushakum   Yellow 6.90  bushels 

Wisconsin  Early  White 2.60  bushels 

Evergreen  Sw.,  fodder 720  pounds 

Southern  Ensilage 2070  pounds 

Qiant,  fodder 2160  pounds 

Superior,  fodder 2062  pounds 

Elephant,    fodder 1494  pounds 
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Yield. 
Variety.  Per  Aero. 

Early  Ripe,  fodder  (some  seed) 2538  pounds 

Early  Yellow  Rose GO  bushel 

Dakota  Dent 6.40  bushels 

Parson's  White 8.20  bushels 

Golden    Row 15.40  bushels 

Star  Leamlngr 6.90  bushels 

Queen  of  the  North 5.60  bushels 

1896— Planted  May  21  to  2S—  • 

Pride  of  the  North 12.0  bushels 

Queen  of  the  Field 12.3  bushels 

Mercer  14.0  bushels 

New   Leaminff 10.8  bushels 

Murdock's  90-day 10.0  bushels 

Oolden  Beauty 8.6  bushels 

Early   Huron 4.5  bushels 

Houghton's  Silver  White 13.1  bushels 

South  Dakota  Flint 8.6  bushels 

North  Dakota  Flint 16.0  bushels 

Swadley    13.0  bushels 

Kln«  Philip 18.4  bushels 

Squaw   12.3  bushels 

Canadian  Yellow  Dent 9.6  bushels 

Best  home  grrown  mixed  (planted  on  packed  ground) 12.7  bushels 

Best  home  sn^own  mixed  (planted  on  unpacked  ground) 10.7  bushels 

1899 — Planted  May  15.  Three  varieties :  Pride  of  the 
North,  3.0  bushels  per  acre;  Best  Home-Grown  Mixed 
(planted  on  packed  ground),  3.0  bushels  per  acre;  Best  Home- 
Grown  Mixed  (planted  on  unpacked  ground),  2.7  bushels  per 
acre. 

1900 — Six  acres  were  planted  May  4  to  Salzer's  Earliest 
Ripe  fodder  corn.  It  tasseled  when  it  was  from  three  to  four 
feet  .high.  The  yield  of  fodder  was  very  light,  and  it  pro- 
duced only  about  four  bushels  of  grain  per  acre. 

SOIL  MOIStUBB. 

So  much  rain  fell  during  April  that  the  ground  was  wet 
to  from  two  feet  and  ten  inches  to  more  than  six  feet.  It 
was  thought  desirable  to  observe  the  movement  of  the  moist- 
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ure  during  the  season,  so  twenty-seven  places  were  marked 
for  observation — these  representing  a  great  variety  of  local 
conditions  concerning  the  amount  of  water  which  could  col- 
lect at  the  different  locations.  Observations  were  taken  by 
boring  and  examining  the  soil  by  feeling  it  with  the  fingers. 
While  this  is  not  a  delicate  test,  yet  when  no  moisture  can  be 
felt  in  the  soil  by  the  fingers,  plants  do  not  do  well  when 
growing  in  it.  So,  for  practical  purposes,  we  considered  it 
of  some  value. 

The  plan  was  to  take  observations  twice  each  month  dur- 
ing May,  June,  July  and  August ;  but  other  work  interfered, 
so  that  only  three  observations  were  taken.  These  were  taken 
May  1,  July  28  and  August  22.  The  auger  used  was  only 
six  feet  long,  so  at  the  fijrst  test  there  were  six  places  where  the 
auger  did  not  reach  dry  soil.  Leaving  these  and  others  con- 
cerning which  the  records  show  incomplete  tests  out  of  the 
calculation,  the  test  showed : 

May  1— Moisture  from  the  surface  to  3  feet 2.3  in.  av. 

July  28— Moisture  from  6  inches  below  surface  to  4  feet 2.6  in.  ay. 

Au^rust  22— Moisture  from  9.7  inches  below  surface  to  3  feet 2.6  in.  av. 

INVESTIGATION  OF  EASTERN  COLORADO. 

This  work  was  done  by  traveling  about  the  country  in  a 
spring  wagon.  During  the  summer  we  traveled  more  than 
thirteen  hundred  miles.  Settlers  were  interviewed  and  their 
evidence  recorded.  The  investigation  was  confined  mainly 
to  Kit  Carson  county  and  the  eastern  half  of  Arapahoe 
county.  Stock  raising  is  the  main  business  in  all  communi- 
ties, except  near  Vernon  and  Idalia.  Small  herds  occupy  the 
uplands,  where  water  is  scarce.  The  large  cattle  companies 
are  confined  to  the  valleys,  where  water  is  plentiful.  Those 
keeping  small  herds  usually  raise  feed  to  carry  their  stock 
through  the  winter  storms.  But  nearly  all  stockmen  prepare 
to  feed  the  weak  animals.  Near  Vernon  and  Idalia  wheat 
raising  is  still  the  main  business,  and  some  seem  to  have 
done  well.  Some  alfalfa  is  raised  in  the  valleys  of  the  •  Re- 
publican, but  nowhere  on  an  extensive  scale.  Native  hay  is 
cut  every  year  in  the  valleys,  and  on  the  uplands  about  two 
years  in  every  five. 

Those  parts  of  the  country  where  water  is  readily  found 
by  digging  or  boring  have  held  the  settlement,  but  where 
water  is  hard  to  find  the  country  is  deserted. 
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Fruit — Hundreds  of  orchards  have  been  set  out,  but  now 
there  are  only  a  few  trees  here  and  thera  It  has  been  found 
that  cherries,  plums,  gooseberries  and  wild  currants  can  be 
grown  on  the  uplands  with  moderate  success.  Some  apples, 
peaches  and  grapes  have  been  produced,  but  these  have  gen- 
erally failed. 

Forest  Trees — The  remains  of  timber  claims  show  that 
the  ash,  the  honey  locust  and  the  black  locust  are  the  best 
trees  for  groves  on  the  uplands.  But  some  groves  of  black 
locust  have  been  destroyed  by  borers.  I  have  found  elm  trees 
doing  well  where  they  were  planted  among  other  trees. 

Utilization  of  Natural  Conditions — The  best  example  of 
this  is  at  the  place  of  James  Howell,  which  is  seven  miles 
northeast  of  Flagler.  This  place  is  located  on  a  small  stream. 
The  side  hills  have  been  planted  to  trees,  and  large  pits  dug 
above  each  tree  to  catch  the  storm  water  for  the  trees.  The 
creek  has  been  damned,  its  course  turned  out  of  the  natural 
channel  and  trees  planted  in  the  old  creek  bed.  The  seepage 
from  the  pond  above  sub-irrigates  the  trees  below.  Also,  a 
pond  is  located  on  the  side  hill,  above  the  fruit  garden,  so  it 
will  catch  some  storm  water  from  the  prairie.  Groves  and 
hedges  of  black  locust  form  windbreaks  about  the  orchard 
and  lots.  A  well,  located  at  the  upper  end  of  the  garden,  is 
used  at  times  to  water  some  plants.  I  saw  grapes,  currants, 
apples,  cherries,  gooseberries,  plums  and  walnuts  at  the 
place.    Some  trees  were  loaded  with  fruit. 

Irrigated  Places — The  small  irrigation  plants  are  too  nu- 
merous to  mention.  The  majority  are  run  for  comfort,  but  a 
few  are  conducted  for  profit,  and  with  success.  The  increase 
of  herds  depending  upon  the  same  well,  which  once  watered 
the  garden,  has  caused  the  abandonment  of  many  successful 
small  gardens  on  the  uplands. 

Irrigation  Ditches — One  small  ditch  in  the  valley  of  the 
north  fork  of  the  Republican  supplies  several  hundred  acres 
with  water.  The  Arickaree  seems  to  be  used  very  little  for 
irrigation  on  account  of  the  sandy  nature  of  most  of  the 
valley  land.  The  valley  of  the  south  fork  of  the  Republican 
has  several  small  private  ditches,  which  are  doing  good  work. 
Two  large  ditches,  which  were  built  several  years  ago  by  a 
company,  seem  to  be  unused  now. 
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Upland  Farming — Crops — ^Where  stock  raising  is  the 
main  business,  sorghum  is  one  of  the  favorite  crops.  It  will 
average  one  ton  per  acre. 

Millet  gives  a  smaller  yield  than  sorghum,  but  it  is  a 
favorite  forage  crop  with  many. 

Broom  corn  is  quite  a  sure  crpp,  but  uncertain  demand 
prevents  extensive  planting. 

Corn  is  generally  planted.  The  yield  for  the  whole 
region  will  not  exceed  ten  bushels  per  acre. 

Oats  will  not  give  an  average  yield  of  njore  than  ten 
bushels  per  acre  over  the  whole  region.  They  are  sown  for 
hay  by  many. 

Wheat  is  the  most  popular  of  small  grains.  Yields  of 
from  nothing  to  forty  bushels  per  acre  have  been  reported. 
The  general  average  per  acre  for  the  whole  region  is  prob- 
ably about  six  bushels. 

Barley  is  but  little  grown.  Many  consider  it  the  surest 
crop  which  has  been  tried.  Yields  of  eighty-three  bushels 
per  acre  have  been  reported.  The  average  yield  per  acre  is 
near  fifteen  bushels  for  the  region.  Barley  is  used  mainly 
as  feed  for  stock.    Very  little  is  raised  for  market. 

Rye  is  but  little  grown.  The  yield  will  not  usually  ex- 
ceed ten  bushels  per  acre. 

Flax  has  been  successfully  produced,  but  low  prices  and 
occasional  failures  caused  production  to  cease. 

Other  forage  plants  used  extensively  are  native  grasses, 
which  furnish  hay;  Russian  thistles  (which  were  the  subject 
of  a  press  bulletin,  issued  by  the  Colorado  experiment  station 
in  July,  1900),  and  native  salt  weed. 

SOIL  STUDY. 

As  I  traveled  I  observed  the  soil,  and  took  some  samples 
which  seemed  to  be  types.  These  are  stored  for  future  use. 
An  extended  report  of  my  work  in  this  line  is  on  file  in  the 
director's  office. 

CULTURE  AND  METHODS. 

The  feeling  is  general  that  no  method  of  planting  or  cul- 
tivation is  sure  to  produce  a  crop.      Also,  experience  has 
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shown  that  the  soil  is  so  rich  that  when  there  is  sufficient 
rainfall,  properly  distributed,  a  large  crop  will  be  harvested, 
no  matter  how  it  is  planted  and  cultivated.  Some  soils 
maintain  a  soil  mulch  on  the  unbroken  land  in  dry  times. 
These  are  well  fitted  to  give  a  maximum  crop  for  a  minimum 
amount  of  labor. 

CONCLUDING  OBSERVATIONS. 

1.  Nature  seems  to  have  fitted  this  country  for  a  graz- 
ing country. 

2.  Crowded  conditions  in  other  places  have  compelled 
people  to  settle  here,  where  conditions  of  life  are  hard ;  and  af- 
ter trying  it,  those  who  are  still  here  claim  that  they  know  of 
no  place  where  they  can  do  better,  so  they  intend  to  stay. 

3.  General  crop  failures  and  small  returns  for  grain 
raised  have  driven  the  settlers  to  make  stock  raising  their 
main  business. 

4.  As  the  range  becomes  crowded  with  small  herds,  it 
will  be  impossible  for  all  to  keep  enough  cattlef  to  maintain 
themselves  by  raising  beef  alone.  Then  the  dairy  business 
must  develop,  and  natural  advantages  will  be  utilized  to  help 
out  the  living. 

5.  Windmill  irrigation  must  be  more  largely  used  on 
the  uplands,  and  all  the  water  of  streams  (underflow,  flood 
waters  and  ordinary  flow)  will  probably  be  used  at  some  time 
in  the  future. 

RECOMMENDATIONS. 

1.  The  investigation  should  be  continued. 

2.  A  study  of  native  hay  and  pasture  grasses  should  be 
undertaken  with  a  view  to.  extending  the  range  of  those  of 
special  merit,  wherever  possible. 

3.  Windmill  irrigation  should  be  studied  and  settlers 
assisted  by  teaching  them  to  improve  their  methods,  wherever 
possible. 

4.  The  plants  where  storm-water  reservoirs  are  used 
for  catching  water  from  the  prairies  should  be  watched,  and 
their  projectors  encouraged. 

5.  The  distribution  of  the  native  salt  weed  should  be 
determined,  and  if  it  is  found  a  profitable  crop  its  limits 
should  be  extended. 
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6.  A  special  study  should  be  made  of  the  three  valleys 
of  the  Republican  river,  the  Big  Sandy  and  the  sand  hills  of 
eastern  Colorado. 

Respectfully  submitted, 

J.  E.  PAYNE, 
Superintendent. 
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METEOROLOGICAL  OBSERVATIONS,  1900. 


The  following  tables,  prepared  by  Mr.  R.  E.  Trimble^ 
give  a  record  of  the  principal  observations  made  daring 
1900,  and  especially  the  ones  which  are  most  often  inquired 
about.  Records  have  been  maintained  at  Fort  Collins  nearly 
regularfy  since  1884,  besides  1873  and  1874.  The  record  has 
been  maintained  to  give  not  only  the  elements  ordinarily  in- 
cluded in  weather  observations,  but  a  number  of  those  im- 
portant in  agricultural  meteorology,  but  less  often  recorded. 
Among  these  special  attention  has  been  given  to  the  sun- 
shine, measuring  both  its  duration  and  its  intensity — ^an 
automatic  photographic  record  of  the  amount,  and  the  Arago- 
Davy  conjugate  thermometers  for  the  intensity.  Maximum 
registering  thermometers  have  also  been  used  for  the  solar 
intensity.  Considerable  trouble  has  been  had  with  these,  as 
the  range  of  those  in  the  market  is  not  sufficient  to  withstand 
the  great  radiation  here.  This  report  is  prepared  too  early 
to  present  the  chart  of  the  year's  sunshine,  which  will  later 
appear  in  press  bulletin  form. 

The  year  1900,  whose  record  is  given,  while  furnishing 
the  greatest  rainfall  of  which  we  have  record,  is  in  its  char- 
acteristics a  dry  year.  This  is  because  the  excess  of  the  pre- 
cipitation all  comes  in  two — ^practically  one — ^months.  Over 
one-half  of  the  rainfall  fell  in  April,  all  the  other  months 
except  September  being  below  the  normal.  This  gives  the 
year  the  characteristics  of  the  dry  seasons — ^an  increased  tem- 
perature and  greater  range,  with  more  sunshine.  The  high- 
est temperature  of  the  year  was  but  94.4  d^rees,  with  a  min- 
imum of  23  degrees  below  zero.  The  wind  was  much  less 
than  usual,  being  but  55,000  miles  during  the  year,  while 
the  average  is  over  66,000  miles.  It  is  interesting  to  com- 
pare the  features  of  April,  the  extremely  rainy  month,  with 
the  others.  Its  average  daily  range  was  but  23  degrees,  a 
deficit  of  6.5  degrees;  while  the  average  range  in  August  was 
37  degrees,  an  excess  of  3.5  degrees.  The  other  dry  months 
show  a  daily  range  greater  than  the  normal. 
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EXPLANATION  OF  THE  TABLES. 

The  tables  show  the  daily  observations  at  the  main  sta- 
tion at  Fort  Collins,  with  summaries  of  the  observations  by 
months  for  Fort  Collins,  the  Arkansas  Valley  substation  at 
Rocky  Ford,  the  Plains  substation  at  Cheyenne  Wells,  and 
at  several  volunteer  stations,  with  other  observations  of  soil 
temperatures,  evaporation,  etc.,  at  Fort  Collins. 

In  the  detailed  tables,  under  dry  bulb  and  wet  bulb,  are 
given  the  observations  taken  to  determine  the  amount  of 
moisture  in  the  air.  The  dry  bulb  temperature  is  that  of  an 
ordinary  thermometer  properly  exposed,  and  the  wet  bulb  is 
an  exactly  similar  thermometer  moistened  with  pure  water. 
This  is  sometimes  called  the  temperature  of  evaporation,  be- 
cause it  shows  the  cooling  due  to  the  evaporation  of  the  film 
of  water  over  the  thermometer.  Actually,  the  two  thermom- 
eters are  swung  in  the  open  air.  It  is  found  that  with  the 
best  of  instrument  shelters  there  is  a  noticeable  difference 
between  the  readings  inside  and  outside. 

The  dew  point  and  relative  humidity  are  found  from  the 
observations  of  the  dry  and  wet  bulb.  The  temperature  of 
dew  point  shows  the  temperature  at  which,  if  the  air  is  cooled 
down,  dew  (or  frost)  would  begin  to  be  deposited.  The  rela- 
tive humidity  is  given  in  per  cent.,  and  shows  the  per  cent, 
the  actual  amount  of  moisture  present  is  to  the  amount  which 
the  atmosphere  could  hold. 

The  daily  mean  dew  point  and  relative  humidity  is  the 
mean  of  the  two  observations  at  7  a.  m.  and  7  p.  m. 

The  maximum  and  minimum  temperatures  are  deter- 
mined by  the  ordinary  type  of  recording  thermometers,  both 
being  read  at  7.  a.  m.  and  7  p.  m.  Usually  the  highest  tem- 
perature occurs  during  the  daylight  hours,  but  in  exceptional 
cases  during  the  winter  it  may  occur  outside  of  these  times. 
In  such  cases  the  time  of  maximum  temperature  is  found  by 
the  sheets  from  the  thermograph,  and  the  highest  and  lowest 
temperatures  of  the  twenty-four  hours  are  recorded  in  these 
columns.  The  mean  temperature  for  the  day  is  the  mean  of 
the  highest  and  the  lowest  temperatures.  The  range  is  the 
difference  between  the  maximum  and  the  minimum  tempera- 
tures of  the  day. 

The  readings  of  the  barometer  are  taken  from  an  ordin- 
ary mercurial  thermometer  in  the  oflBce.     The  readings  as 
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given  are  corrected  for  temperature  and  instrumental  error, 
but  not  for  elevation  of  the  basin,  which  is  4,994  feet  above 
sea  level. 

The  terrestrial  radiation  is  determined  by  a  minimum 
thermometer  placed  in  the  instrument  plat,  with  its  bulb  a 
few  inches  above  sod,  and  the  column  headed  "Radiation"  is 
the  difference  between  the  reading  of  this  instrument  and  the 
minimum  thermometer.  It  will  be  noted  that  it  is  less  than 
the  minimum  thermometer,  and  that  the  radiation  is  often 
considerable.  The  precipitation  is  measured  in  inches.  The 
movement  of  the  wind  is  determined  by  means  of  anemom- 
eters placed  on  the  tower  of  the  college  building,  about  sixty 
feet  above  the  ground,  and  is  measured  in  miles. 

The  actinometer  records  are  those  taken  from  a  set  of 
Arago-Davy  conjugate  thermometers,  the  one  being  a  black 
bulb  and  the  other  a  bright  bulb  thermometer,  enclosed  in  an 
envelop  of  glass,  and  with  the  bulbs  freely  exposed  to  the 
sky.  The  reading  is  taken  at  noon.  As  other  duties  often 
interfere  with  presence  at  the  office  at  this  hour,  there 
are  numerous  blanks.  The  radiation  is  expressed  in  calories, 
as  determined  from  a  table  which  was  made  by  comparing 
the  observations  throughout  a  cloudless  day  at  short  inter- 
vals. It  thus  includes  the  constant  of  these  particular  in- 
struments, and  is  thus  given  in  absolute  measurements. 

The  soil  temperatures  are  taken  by  means  of  long  ther- 
mometers, with  bulbs  set  in  the  ground  at  the  depths  indi- 
cated. Set  "A"  is  in  an  irrigate  tract  of  ground,  with  a 
small  lateral  running  near  the  side  of  the  enclosure.  The 
surface  is  covered  with  grass.  The  readings  are  taken  at 
7  a.  m.  and  7  p:  m.  Set  "C"  is  located  in  a  tract  of  unirri- 
gated  ground  above  ditches,  and  as  it  is  some  distance  from 
the  office  the  readings  are  taken  weekly  at  4  p.  m.  The  ex- 
treme temperature  is  given  in  the  next  table,  which  shows  the 
highest  temperatures  as  found  by  the  readings  at  7  a.  m.  and 
7  p.  m.  In  some  cases  the  maximum  readings  have  been  dis- 
turbed by  irrigation  water,  which  has  brought  the  maximum 
temperature  at  a  different  time  than  would  be  th^  case  un- 
der ordinary  conditions. 

The  evaporation  is  measured  in  a  tank  three  feet  cube 
.placed  flush  with  the  ground.  The  readings  of  the  height 
of  the  surface  of  the  water  are  made  by  means  of  a  hook  gage, 
which  permits  the  measurement  to  be  taken  to  the  one-thou- 
sandth part  of  a  foot.    From  April  to  September  readingi3 


Digitized  by 


Google 


168  THIRTEENTH   ANNUAL  REPORT 

are  taken  twice  per  day,  at  7  a.  m.  and  7  p.  m.  From  Sep- 
tember until  the  formation  of  ice,  late  in  November,  the  read- 
ings are  taken  at  7  a.  m.  only.  In  the.  winter  season,  after 
ice  forms,  readings  are  taken  monthly.  The  ice  is  broken 
until  it  is  free  from  the  sides  of  the  tank,  then  the  level  of 
the  water  surface  is  measured.  Sometimes  ice  forms  to  a 
considerable  thickness,  and  the  separation  of  the  ice  from 
the  sides  of  the  tank  has  led  to  punctures  of  the  sides. 

A  set  of  maximum  and  minimum  thermometers  are  kept 
in  the  surface  of  the  water  during  the  summer  season.  An 
anemometer  is  also  placed  close  to  the  ground  to  record  the 
wind  movement.  The  average  temperature  of  the  tank  is 
less  than  that  of  water  freely  exposed  to  the  air  during  the 
summer  season,  so  that  the  evaporation  is  less  than  that  from 
lakes  under  ordinary  conditions.  Tanks  have  been  sent  at 
different  times  to  high  altitudes,  but  the  records  have  so  far 
been  incomplete  and  unsatisfactory.  It  is  expected  to  take 
more  in  the  years  to  come. 
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METEOROLOGICAL  RECORD  FOR  JANUARY,  1900. 


Temperature,  Dew  Point  and  Relative  Humidity 


7  A.  M. 


'a 


a 


•Si 

0$ 


7  P.M. 


I 


2 


0$ 


a 
8 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

IS 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2& 

26 

27 

28 

29 

30 

31 

Means.. 

Normal 


po 
13.7 
9.2 
27.8 
27.8 
15.8 
14.1 
13.0 
13.2 
23.8 
17.8 
12.3 
20.1 
49.0 
28.8 
32.3 
29.3 

•33.6 
17.0 
18.2 
23.3 
18.0 
18.0 
16.2 
34.0 
9.2 
13.0 
16.2 

-5.0 
35.8 
4.2 
11.0 


po 
13.3 

9.0 
25.3 
27.0 
15.0 
13.2 
12.7 
12.3 
22.2 
16.8 
12.1 
18.3 
38.0 
25.8 
31.8 
28.9 
28.0 
16  2 
17.5 
21.8 
16.8 
16.8 
15.5 
26.8 

8.6 
11.0 
14.0 
-5.2 
28.8 

4.2 
10.8 


po 

12.2 

8.4 

20.9 

25.8 

12.8 

10.5 

11.8 

9.5 

19.1 

14.3 

11.5 

14.1 

23.4 

20.5 

31.1 

28.3 

18.5 

14.1 

15.9 

18.9 

13.8 

13.8 

13.7 

12.5 

6.6 

4.6 

7.8 

-6.0 

16.6 

4.2 

10.2 


Perct. 
93.9 

96.5 

74.8 

91.9 

88.6 

86.5 

95.3 

86.1 

81.8 

86.6 

96.8 

77.5 

36.7 

70.8 

95.5 

960 

53.2 

89.0 

90.7 

82.7 

84.2 

84.2 

90.2 

40.5 

89.4 

69.3 

69.4 

93.8 

44.5 

100.0 

96.7 


po 
20.2 
27.0 
25.6 
24.0 
22.2 
29.2 
29.0 
37.3 
29.2 
35.9 
36.2 
24.0 
52.0 
42.3 
31.0 
28.8 
80.8 
29.2 
33.6 
33.5 
23.0 
33.0 
26.2 
26.3 
22.3 
21.0 
16.6 
6.8 
23.8 
38.3 
30.5 


po 
19.0 
24.1 
23.0 
23  0 
21.0 
24.6 
24.0 
29.0 
25.1 
27.0 
28.0 
21.3 
39.0 
33.9 
31.0 
28.8 
26.9 
25.9 
27.9 
29.3 
20.8 
25.1 
24.2 
22.8 
19.0 
18.8 
16.2 
6.2 
22.8 
29.3 
25.3 


po 
16.3 
18.6 
18.0 
21.1 
18.6 
15.6 
13.7 
13.6 
17.4 

8.0 
11.9 
15.7 
21.5 
21.6 
31.0 
28.8 
20.1 
20.0 
17.9 
22.7 
16.3 

7.3 
20.5 
15.8 
11.1 
13.8 
15.2 

4.0 
20.9 
12.2 
15.1 


Perct. 
85.1 

70.3 
72.2 
88.7 
85.9 
56.2 
52.2 
37.2 
60.9 
30.6 
36.2 
69.8 
S0.8 
43.4 
100.0 
100.0 
64.2 
68.3 
51.7 
64.1 
74.6 
33.3 
78.8 
63.8 
61.4 
73.2 
94.5 
88.5 
88.6 
33.8 
52.1 


po 
14.2 
13.5 
19.5 
23.4 
15.7 
13.1 
12.7 
11.6 
18.2 
11.2 
11.7 
14.9 
22.4 
21.1 
31.0 
28.6 
19.3 
17.0 
16.9 
20.8 
15.1 
10.5 
17.1 
14.2 

8.8 

9.2 
11.5 
-1.0 
18.8 

8.2 
12.6 


19.70 


17.85 


14.17 


81.71 


28.67       24.59 


16.91       64.83 


15.8 


13.7 


24.9        20.8 
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METEOBOLOOICAL  RECORD  FOR  JANUARY, 

1900. 

1 

If 

1^ 

1 
1 

B 

h 

i 

5" 

1 
I 

9 

Barometer,  Corrected 
for  Temperature  and 
Instrumental  Error 

Terrertrial 
RadUUon 

7 
A.M. 

7 
P.M. 

Mean 

S 

2 

Perct 

po 

P  o 

po 

po 

Ins. 

Ins. 

Ins. 

F  o 

po 

1 

89.5 

39.0 

10.0 

24.5 

29.0 

25.176 

25.231 

25.208 

6.0 

4.0 

2 

83.4 

43.4 

8.7 

28.0 

34.7 

25.147 

25.024 

25.066 

4.5 

4.2 

S 

73.5 

55.0 

22.8 

38.9 

32.2 

24.896 

24.873 

24.884 

19.7 

3.1 

4 

90.8 

50.0 

28.7 

36.9 

26.3 

24  891 

24.999 

24.945 

20.2 

3.5 

5 

87.2 

50.0 

15  5 

32.7 

34.5 

25.136 

25.127 

25.131^ 

10.0 

3.5 

6 

71.4 

52.0 

10.0 

31.0 

42.0 

25.125 

25.211 

25.168 

7.9 

21 

7 

73.7 

49.9 

14.3 

82.1 

35.6 

05. mo 

25.090 

25.190 

10.0 

4.3 

8 

61.7 

48.0 

9.2 

28.6 

38.8 

24.900 

24.920 

24.910 

5.0 

4.2 

9 

71.3 

47.0 

25.3 

36.2 

21.7 

25.158 

25.160 

25.159 

20.8 

4.5 

10 

58.6 

48.2 

10.2 

29.2 

88.0 

24.922 

25.042 

24.982 

6.3 

3.9 

ir. 

66.5 

44.2 

11.4 

27.8 

31.8 

25.036 

24.789 

24.913 

6.1 

5.3 

12 

73.7 
33.5 

51.0 
60.2 

18.7 
24.8 

34.8 
42.5 

82.3 
35.4 

24.904 
24.844 

24.932 
24.899 

24.918 
24.871 

12.9 
20.0 

5.8 

4.8 

13 

U 

57.1 

58.0 

25.2 

41.6 

32.8 

24.845 

24.839 

24.842 

19.9 

5,3 

15 

97.7 

34.0 

80.6 

323 

8.4 

25.034 

25.060 

25.047 

26.8 

3.8 

16 

98.0 

35.2 

29.0 

32.1 

6.2 

25.011 

24.980 

24.996 

98.S 

0.8 

17 

58.7 

44.6 

28.7 

35.7 

17.9 

25.063 

25.235 

25.149 

24.8 

1.9 

18 

78.7 

50.2 

13.7 

31.9 

36.5 

25.263 

25.184 

25.223 

10.0 

3.7 

19 

71.2 

68.0 

18.0 

40.5 

45.0 

25.068 

24.953 

25.011 

14.0 

4.0 

20 

73.4 

48.3 

20.0 

34.2 

28.3 

25.125 

24.985 

25.065 

16.7 

3.3 

21 

79.4 

51.5 

13.1 

32.3 

38.4 

24.992 

25.009 

25.000 

8.0 

5.1 

22 

58.7 
84.5 

59.5 
56.2 

15.0 
14.6 

37.2 
34.9 

44.5 
40.6 

25.001 
25.018 

25.110 
84.78S 

25.056 
24.875 

11.5 
10.7 

3.5 
3.9 

28 

24 

52.2 

41.6 

28.3 

85.0 

13.3 

24.874 

25.119 

24.996 

21.7 

6.6 

25 

75.4 

40.0 

5.0 

22.5 

SS.O 

25.176 

25.120 

25.148 

2.0 

3.0 

26 

71.2 

40.4 

9.0 

24.7 

31.4 

25.020 

24.902 

24.961 

4.1 

4.9 

27 

82.0 

26.8 

10.1 

18.4 

16.7 

24.963 

25.089 

25.001 

6.3 

3.8 

28 

91  1 

17.5 

6.0 

5.8 

23.5 

25.177 

24.931 

25.054 

-1».0 

6.0 

29 

66.6 

48.9 

-2.4 

23.2 

51.3 

24.818 

24.933 

24.876 

-4.9 

2.5 

30 

66.9 

46.0 

6.0 

26.0 

40.0 

24.872 

24.928 

24.900 

1.0 

5.0 

31 

74.4 

47.8 

11.4 

29.6 

36.4 

25.053 

25.061 

25.052 

8.2 

3.2 

Means 

73.27 

46.66 

15.22 

30.94 

31.44 

25.026 

25.013 

25.019 

11.17 

4.05 

Normal 

71.2 

40.5 

11.0 

25.8 

27.8 

24.917 

5.2 
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HETEOROLOOICAL  BBCORD  FOB  JANUARY,  1900. 


Precipitation 

Direction 
of  Wind 

B  ^ 

see 

Actin^meter  «t  Noon 

a 

1' 

i 

o 

B 

1. 

n 

7  A. 

7  P. 

1 
t 

S 
1 

n 

1 

i 

IDS. 

Ins. 

Miles 

CO 

CO 

CO 

Cal. 

NW 

S 

139.0 

31.0 

12.0 

19.0 

11.74 

F 

N 

NW 

66.7 

32.9 

14.6 

18.8 

11.50 

F 



W 

W 

102.4 

36.6 

19.7 

16.9 

10.99 



N 

N 

84.4 

16.1 

9.1 

7.0 

4.04 



NW 

W 

111.9 

40.6 

21.3 

19.8 

12.76 

F 



E 

NW 

102.5 

28.8 

15.6 

13.2 

8.20 

P 





0 

N 

106.3 

I,P 

NW 

NE 

160.2 

85.0 

17.7 

17.8 

11.09 

P 

E 

SW 

160.8 

36.8 

17.9 

17.9 

11.52 



N 

N 

208.3 

8.1 

2.0 

6.1 

3.32 

P 



S 

E 

165.5 

87.6 

16.3 

21.8 

13.73 

P 

w 

W 

156.1 

34.5 

17.2 

17.3 

11.06 

sw 

W 

184.0 

30.0 

19.2 

10.8 

6.88 

E 

SE 

112.8 

6.50  A 

8.00  P 

.10 

0 

SE 

83.0 

8.6 

8.1 

5.5 

3.01 

.08 

1.5 

N 

SE 

103.0 

12.8 

4.5 

8.3 

4.64 

Sn 



NW 

N 

211.9 

36.3 

12.8 

24.0 

15.16 

NW 

W 

103.2 

80.8 

14.2 

16.6 

10.33 

P 



NW 

SW 

128.4 

42.8 

25.8 

17.5 

11.90 

P 

W 

w 

149.9 

32.0 

15.6 

16.4 

10.31 

P 

NW 

w 

148.7 

P 

B 

E 

84.4 

40.0 

21.8 

18.2 

12.00 

P 

SE 

w 

256.8 

37.6 

17.7 

19.9 

12.89 

N 

NW 

385.5 

35.2 

15.7 

19.5 

12.42 

N 

E 

124.5 

32.9 

12.8 

20.1 

12.55 

P 



NW 

W 

112.0 

32.8 

13.2 

19.6 

12.25 

LP 

6.30  P 

nt 

T 

N« 

E 

160.5 

.06 

.9 

S 

NW 

227.1 

Sn 

6.00  P 

7.15  P 

.04 

.7 

NW 

N 

484.4 

3S.8 

19.7 

19.1 

12.52 

N 

NW 

213.8 

30.6 

12.1 

18.5 

11.42 

Sn 

SW 

W 

137.9 

34.5 

16.0 

18.5 

11.76 

P 

0.25 

8.1 

.... 

.... 

160.5 

3126 

14  87 

16  38 

10.89 

0.60 

.... 

.... 

192.0 

....igi^i 
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MBTEOROLOGICAL  RECORD  FOR  FEBRUARY,  1900. 

TemperatUK,  Dew  Point  and  RelatWe  Humidity 

1 

a 
1 

& 

7A 

.  M. 

7  P. 

M. 

1 

1 

1 

1 

2« 

1 

1 

1 

ll 

sr 

po 

po 

po 

Perct. 

po 

po 

po 

Perct, 

po 

1 

12.2 

11.5 

9.3 

88.9 

29.8 

24.6 

14.1 

51.8 

11.7 

2^       

12.8 
24.0 

12.2 
20.9 

10.5 
14.2 

90.6' 
65.4 

81.7 
85.8 

26.0 
27.8 

15.0 
12.1 

49.8 
87.1 

12.7 
13.2 

S 

4 

17.2 

15.8 

12.1 

81.0 

84.6 

29.2 

20.4 

56.4 

16.2 

5 

21.2 

20.0 

17.6 

86.5 

80.9 

24.1 

8.8 

38.8 

13.2 

6 

21.1 

18.0 

10.1 

62.4 

47.0 

82.0 

-1.9 

W.9 

4.1 

7 

13.1 

11.8 

7.8 

80.0 

9.6 

8.0 

2.0 

72.4 

4.9 

8 

-7.2 

-7.2 

-7.2 

100.0 

18.8 

14.2 

-1.2 

41.1 

-4.2 

9 

16,7 

14.0 

6.1 

63.0 

29.0 

26.1 

21.0 

71.8 

13.5 

10 

9.8 

9.2 

7.3 

89.6 

25.0 

23.0 

19.2 

78.1 

13.3 

11 

48.9 

35.3 

12.6 

23.1 

24.0 

24.0 

24.0 

100.0 1 

18.3 

12                

13.0 

7.4 

13.0 
7.0 

13.0 
5.6 

100.0 

92.5 

-4.8 
6.8 

—4.8 
6.8 

-4.8 
6.8 

lOO.O 
100.0 

4.1 
6.1 

13 

U 

0.8 

0.8 

0.8 

lOO.O 

1.0 

1.0 

1.0 

100.0 

0.9 

15 

-16.8 

-16.8 

-16.8 

100.0 

-1.2 

-1.2 

-1.2 

100.0 

-9.0 

16 

-21.7 

-21.7 

-»1.7 

100.0 

8.3 

7.2 

8.1 

80.1 

-9.3 

17 

-18.0 

—18.0 

-18.0 

100.0 

4.0 

3.2 

-0.1 

83.0 

-8.9 

18 

15.2 

13.6 

9.2 

76.9 

26.1 

23.6 

18.9 

73.6 

14.0 

19 

21.2 

20.0 

17.5 

85.6 

25.8 

25.0 

23.7 

91.4 

206 

20 : 

20.8 

20.4 

19.6 

96.1 

37.8 

30.2 

17.3 

42.9 

18.5 

21 

25.9 

23.2 

18.0 

71.4 

29.8 

26.8 

21.6 

71.6 

19.8 

22 

20.8 

20.3 

19.3 

93.9 

32.8 

29.8 

25.3 

73.9 

22.3 

23 

28.2 

24.0 

15.7 

59.0 

29.0 

25.1 

17.8 

62.5 

16.7 

24 

20.8 

20.2 

19.0 

92.7 

37.0 

32.0 

24.9 

61.3 

22.0 

25 

44.2 

34.8 

21.1 

39.6 

31.2 

28.0 

22.8 

70.9 

21.9 

26 - 

29.7 

29.7 

29.7 

lOO.O' 

31.0 

31.0 

81.0 

loo.o 

30.4 

27 

30.8 

27.2 

21.1 

66. S 

20.9 

19.9 

17.7 

87.8 

19.4 

28... 

14.8 

14.8 

14.8 

lOO.O 

33.8 

30.2 

25.0 

69.4 

19.9 

Means 

15  25 

13.36 

9.57 

82.25 

23.62 

20.46 

13.72 

70.59 

11.65 

Normal 

15.6 

13.7 

24.8 

20.9 

11.6 
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METBOBOLOGICAL  RECORD  FOB  FEBRUARY.  1900. 

1 

i 
J 

Is 

1 
1 

1 

Barometer,  Corrected  for  Tem- 
peratnre  and  Instr  n  m  e  n  t  a  1 
Brror 

Terrestrial 
Radiation 

If 

1 

7 
A.M. 

7 
P.  M. 

Mean 

M 

1 

Perct 

po 

po 

po 

po 

InB. 

Ins. 

Ins. 

po 

po 

70.1 

48.2 

10.7 

29.4 

37.5 

24.968 

24.962 

24.985 

7.4 

3.3 

69.9 

46.8 

14.0 

30.4 

32.8 

24.974 

24.789 

24.881 

10.0 

4.0 

61.3 

48.0 

29.0 

88.5 

19.0 

24.711 

24.844 

24.778 

20.0 

9.0 

68.2 

46.6 

13.7 

80.2 

82.9 

24.841 

24.750 

24.8U0 

8.8 

4.9 

62.1 

44.3 

15.4 

29.8 

28.9 

24.766 

24.738 

24.749 

11.9 

3.5 

87.7 

56.1 

15.0 

85.6 

41.1 

24.627 

84.896 

24.512 

10.4 

4.6 

76.2 

15.0 

8.7 

11.8 

6.8 

24.664 

24.786 

24.725 

8.6 

0.1 

70.5 

33.1 

-6.8 

18.2 

80.9 

24.849 

24.766 

24.808 

—10.6 

8.8 

67.4 

37.2 

11.6 

24.4 

25.6 

24.834 

24.979 

24.906 

8.0 

8.6 

83.9 

49.0 

7.0 

28.0 

42.0 

25.068 

24.927 

24.998 

3.1 

8.9 

61.5 

58.0 

23.0 

40.5 

35.0 

24.575 

24.700 

24.687 

19.6 

8.4 

100.0 

23.8 

-2.0 

10.9 

25.8 

24.884 

24.888 

24.891 

-9.0 

7.0 

96.8 

25.1 

-7.0 

9.0 

32.1 

24.779 

24.816 

24.798 

-12.2 

5.2 

100.0 

6.0 

0.0 

3.0 

6.0 

24.889 

24.979 

24.984 

-2.3 

2.3 

100.0 

5.9 

-17.2 

-6.5 

23.1 

24.906 

24.964 

24.946 

-19.2 

2.0 

90.0 

23.8 

-•8.4 

0.2 

47. » 

25.127 

25  228 

26.177 

—88.7 

5.3 

91.5 

26.0 

-18.0 

4.0 

44.0 

S5.889 

25.185 

26.242 

-22.8 

*.8. 

75.3 

41.2 

4.6 

22.9 

36.6 

25.C03 

24.868 

24.986 

0.0 

4.6 

88.4 

39.2 

17.2 

28.2 

22.0 

24.855 

24.662 

24.758 

18.7 

3.5 

69.0 

44.1 

18,0 

31.0 

26.1 

24.749 

24.860 

24.806 

12.8 

5.2 

71.5 

40.2 

26.3 

33.3 

13.9 

25.010 

24.997 

25.008 

23.0 

3.3 

83.9 

49.6 

22.0 

36.8 

27.6 

24.807 

24.886 

24.847 

18.7 

3.3 

60.8 

39.7 

28.4 

34.0 

•  11.3 

25.054 

25.058 

25.066 

24.6 

3.8 

77.0 

47.9 

19.0 

33.5 

28.9 

24.984 

24.904 

24.944 

17.0 

2.0 

55.2 

52.8 

31.3 

42.0 

21.5 

24.817 

24.9r8 

24.907 

89.8 

2.0 

100.0 

34.1 

29.0 

31.6 

5.1 

24.914 

24.848 

24.881 

27.2 

1.8 

77.3 

85.8 

19.6 

27.7 

16.2 

24.991 

25.175 

25.063 

14.0 

5.6 

84.7 

40.1 

10.3 

25.2 

29.8 

25.088 

24.894 

24.991 

8.1 

2.2 

76.42 

37.77 

10.60 

24.23 

27.08 

24.895 

24.889 

24.892 

6.84 

3.86 

72.6 

40.3 

11.8 

24.9 

25.0 



24.920 

4.7 
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METEOROLOOICAL  RECORD  FOR  FEBRUARY.  1900. 

PrecipiUUon 

Direction 
of  Wind 

sea 

Actiaometer  at  Noon 

1^ 

-6 

8 

ill 

>  o 

< 

7  A. 

7  P. 

JO 

S 

I 

Z 

1 

1 

Ins 

Ins 

MneB 

CO 

CO 

CO 

Cal 

1 







N 

NW 

124.4 

87.4 

18.7 

18.7 

12.15 

F 

2 





.... 

NW 

W 

158.1 

20.7 

10.9 

9.8 

5.79 

F 

8 









NW 

W 

817.8 

35.5 

18.0 

17.5 

11.26 

4 









NW 

NW 

91.0 









F 

5 







N 

B 

227.2 

31.9 

152 

16.7 

10.48 

F 

6 

... . 







8W 

W 

481.0 

44.6 

24.2 

204 

18.92 

7...... 

6^A 

nt 

.02 



NE 

N 

206.8 

5.5 

-5.0 

10.5 

5.51 

8n 

8 





T 



NW 

NW 

187.5 

29.1 

8.1 

21.0 

12.60 

Sn 

9 







NW 

W 

106.8 

824 

16.2 

16.2 

10.28 

10 









NW 

s  w 

151.9 

36.1 

17.1 

19.0 

12.21 

11 

6.00P 

nt 

.04 



W 

N 

468.6 









12 

---. 

._-. 

.25 

4.0 

W 

NW 

101.8 

41.7 

12.5 

29.2 

886 

8n 

18 

2.C0P 



.19 

z.H 

sw 

NR 

115.2 

25.3 

5.2 

20.1 

11.84 

F 

14 



nt 

.29 

8.K 

s 

SB 

92.1 









8n 

15 

4.80P 

8.00P 

.06 

.96 

NW 

NB 

84.7 

24.5 

0.4 

24.1 

14.82 

Sn 

16 





.08 

.5 

8 

B 

140.0 

39.3 

6.8 

32.5 

20.86 

Sn 

17 



.--. 



W 

W 

85.4 

41.9 

12.8 

29.1 

18  83 

F 

18 









NW 

NW 

U9.8 









19 









SK 

W 

98.5 









20 



1 





W 

NW 

133.0 

505 

22.0 

28.5 

19.76 

F 

21 







8 

W 

179.8 

42.5 

ISA 

24.0 

15.90 

22 

P  M 

T 



NW 

NB 

296.0 

22.0 

11.6 

10.4 

6.20 

23 







N 

SB 

280.4 

38.2 

17.0 

16  2 

10.29 

24 

-  — 





N 

SB 

891.6 

86.2 

15.2 

21.0 

13.40 

F 

25 









NW 

S  W 

864.8 

— 







26 

6.00  A 

nt 

.11 

1.0 

NK 

0 

162.3 

8.3 

6.7 

2.6 

1.44 

Sn 

27 

._.- 



.11 

1.5^ 

NW 

S  W 

280.7 

44.6 

18.5 

26.1 

17.43 

Sn 

28 

.... 

.... 

.... 

.... 

NW 

W 

180.1 

24.1 

8.9 

15.2 

•9.04 

F 

Meaas 

— . 

.... 

1.12 

15.8 

.... 

.... 

199.0 

32.15 

12  66 

19.49 

11.90 

Normml 

0.62 

.... 

.... 

._.. 

202.0 

.... 
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METEOROLOGICAL  RECORD  FOR  MARCH,  1900. 


Temperature,  Dew  Point  and  Relative  Humidity 


7  A.M. 


1 

2 .- 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 1. 

26 

27 

28 

29 

30 

81 

Meana.. 

Normal 


33.9 
26.9 
30.8 
27.0 
23.0 
23.1 
25.2 
2^.0 
38.7 
36.0 
83.2 
40.2 
33.9 
80.0 
21.8 
22.1 
17.0 
26.9 
34.6 
28.2 
80.0 
81.3 
80.7 
31.1 
31.7 
32.8 
38.5 
13.2 
26.2 
28.3 
30.8 

29.04 

26.9 


po 
29.1 
26.1 
29.8 
27.0 
23.0 
20.9 
28.8 
27.0 
31.2 
82.0 
30.8 
34.1 
81.2 
30.0 
21.8 
21.3 
17.0 
25.7 
31.5 
27.2 
27.2 
29.0 
26.9 
31.1 
80.2 
30.0 
35.0 
12.7 
25.2 
23.1 
30.0 

27.13 

24.1 


a 

V 


po 
21.4 
24.8 
28.4 
27.0 
23.0 
16.4 
21.2 
25.4 
19.0 
26.4 
27.4 
25.9 
27.4 
30.0 
21.8 
19.7 
17.0 
23.7 
27.2 
25.6 
22.6 
25.6 
20.3 
31.1 
28.1 
25.9 
30.6 
11.3 
23.5 
22.7 
28.8 

24.17 


«  a 
96 


Perct. 
59.4 

91.7 

90.6 

100.0 

100.0 

74.7 
84.7 
80.8 
44.7 
68.1 
79.0 
56.4 
77.0 

100.0 

100.0 
90.4 

100.0 
87.5 
74.2 
89.9 
73.5 
78.8 
64.9 

100.0 
86.8 
75.4 
73.7 
92.3 
89.3 
97.7 
92.5 

83.81 


7  P.M. 


I 


po 
32.9 
37.0 
44.4 
27.0 
35.0 
32.0 
38.0 
55.7 
43.0 
462 
45.3 
56.2 
44.0 
36.9 
28.2 
25.7 
39.0 
40.9 
40.4 
34.0 
40.0 
43.2 
49.4* 
37.0 
50.9 
48.7 
31.0 
34.1 
32.7 
38.9 
41.0 

39.64 

35.0 


po 
30.9 
35.2 
37.0 
27.0 
26.1 
27.0 
31.8 
40.2 
36.2 
39.7 
36.3 
39.2 
35.8 
29.8 
28.0 
24.0 
31.2 
34.1 
33.4 
30.0 
32.0 
34.1 
40.0 
32.8 
38.9 
41.9 
80.2 
32.0 
27.9 
35.0 
36.0 

33.35 


a 

I 
I 


po 
28.1 
83.0 
27.7 
27.0 

6.0 
18.1 
22.5 
19.0 
27.6 
32.5 
24.2 
18.0 
24.8 
16.8 
27.7 
20.9 
18.5 
24.7 
23.3 
24.0 
19.4 
20.6 
29.0 
27.1 
28.2 
84.9 
29.0 
29.2 
19.7 
30.1 
29.8 

24.24 


Perct. 
82.2 

85.7 

52.0 

100.0 

29.0 

55.5 

53.8 

2Z.1 

54.1 

59.2 

43.1 

18.1 

46.6 

45.3 

96.0 

81.7 

43.2 

52.3 

50.3 

66.8 

48.2 

40.1 

45.4 

67.3 

38.9 

59.3 

92.5 

82.0 

58.1 

71.1 

64.8 

57.98 


04 

I 

a 
8 


po 
24.7 
28.9 
28.1 
27.0 
14.5 
17.2 
21.9 
22.2 
23.3 
29.4 
25.8 
19.5 
26.1 
23.4 
24.7 
20.3 
17.8 
24.2 
25.2 
24.8 
21.0 
23.1 
24.7 
29.1 
25.6 
30.4 
29.8 
20.3 
21.6 
26.4 
29.3 

24.20 

10.8 
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METEOROLOGICAL  RECORD  FOR  MARCH.  1900. 


I 


0 

a  9 


a 

a 

z 


Baiometer*  Corrected 
for  Temperatnre  and 
Instrumental  Error 


7 
A.M. 


7 
P.M. 


I 


Mean 


Terrestrial 
Radiation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IB 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 

Means. . 

Normal 


Perct. 
70.8 

88.7 

71.3 

100.0 

04.5 

65.1 

60.0 

56.7 

49.4 

63.7 

61.0 

37.3 

61.8 

72.6 

99.0 

86.1 

71.6 

69.9 

62.2 

78.1 

58.4 

59.4 

55.2 

83.6 

60.1 

67.4 

83.1 

87.1 

73.7 

84.4 

78.7 


po 
51.8 
50.7 
58.2 
47.6 
42.4 
41.6 
55.4 
65.2 
61.0 
76.9 
75.2 
73.0 
60.9 
43.2 
29.9 
30.0 
47.7 
59.8 
56.0 
46.3 
58.1 
62.7 
58.5 
61.8 
60.0 
67.2 
39.2 
38.7 
43.9 
47.0 
61.5 


po 
30.0 
26.7 
29.2 
25.7 
21.7 
21.2 
20.8 
25.8 
33.3 
33.4 
29.7 
27.0 
27.6 
25.2 
21.7 
21.0 
16.0 
19.7 
24.0 
25.2 
19.8 
20.7 
27.0 
29.0 
22.6 
26.4 
30.2 
9.7 
21.9 
18.2 
22.8 


po 
40.9 
38.7 
43.7 
36.6 
32.1 
31.4 
38.1 
45.5 
47.1 
55.2 
52.4 
50.0 
44.3 
34.2 
25.8 
25.5 
31.8 
30.8 
40.0 
35.7 
39.0 
41.7 
42.7 
45.4 
41.3 
46.8 
34.7 
24.2 
32.9 
32.6 
42.2 


po 
21.8 
24.0 
29.0 
21.9 
20.7 
20.4 
34.6 
39.4 
27.7 
43.5 
45.5 
46.0 
33.3 
18.0 
8.» 
9.0 
31.7 
40.1 
32.0 
21.1 
38.3 
42.0 
31.5 
32.8 
37.4 
40.8 
9.0 
29.0 
22.0 
28.8 
38.7 


Ins. 
25.028 

25.047 

24.890 

24.968 

24.648 

24.937 

25.028 

24.933 

25.267 

25.249 

25.193 

25.057 

25.091 

25.264 

25.030 

24.900 

24.936 

24.800 

24.793 

25.169 

25.136 

24.967 

24.871 

24.785 

24.869 

24.70ft 

S4.647 

25.029 

25.182 

S5.999 

25.216 


70.64 


66.9 


53.92 


49.6 


24.30       39.11       29.62 


21.6    34.9    27.1 


24.998 


Ins. 
25.092 

25.081 

24.868 
24.882 
24.776 
24.977 
24.9B4 
24.978 
25.251 
25.148 
25.108 
25.082 
25.224 
25.072 
24.920 
24.936 
24.834 
24.732 
24.897 
25.144 
24.992 
24.800 
24.826 
24.873 
24.794 
24.677 
24.797 
25.060 
25.224 
25.153 
25.123 


Ins. 
25.060 

25.089 

24.879 
24.925 
24.712 
24.967 
25.006 
24.955 
25.259 
25.199 
25.150 
25.070 
25.157 
25.168 
24.975 
24.918 
24.885 
24.766 
24.845 
25.157 
25.064 
24.883 
24.849 
24.829 
24.831 
24.691 
24.722 
25.044 
25.203 
25.226 
25.170 


24.976 


24.987 


24.901 


po 
27.2 
24.7 
27.3 
25.6 
22.2 
18.0 
18.0 
23.2 
27.8 
28.7 
25.2 
23.3 
22.2 
21.3 
20.7 
20.4 
15.0 
17.2 
20.8 
22.9 
16.8 
16.6 
22.1 
24.7 
18.7 
24.3 
S9.9 
4.9 
19.1 
16.0 
19.4 


po 
2.8 
2.0 
1.9 
0.1 

-0.5 
3.2 
2.8 
2.6 
ft. 5 
4.7 
4.5 
3.7 
5.4 
3.9 
1.0 
0.6 
1.0 
2.5 
3.2 
2.3 
3.0 
4.1 
4.9 
4.3 
3.9 
2.1 
1.2 
4.8 
2.8 
2.2 
3.4 


21.40 


2.90 


4.9 
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HBTEOROLOOICAL  BECOBD  FOR  liABCH,  1900. 


DirecUon 
of  Wind 

J^M 

ActljiQineter  st  Noon 

' 

i 

-6 

111 

h 

< 

7  A. 

7  P. 

SI    ! 

pi 

1 

1 

1 

s 

1 

1 

Ins. 

Ins. 

Miles 

CO 

CO 

CO 

Cal. 



N 

S 

192.6 

38.5 

19.8 

18.7 

12.25 

NW 

NW 

90.1 

32.6 

17.3 

15.3 

9.70 

p 

W 

S 

126.3 

28.5 

13.7 

14.8 

9.11 

SE 

SE 

164.0 



Fogr 

10.40  A 

T 

E 

W 

283.1 

2.5 

-1.8 

4.8 

2.28 

HrP 

SE 

N 

97.8 

26.0 

12.2 

13.8 

8.37 

P 



NW 

NW 

128.4 

89.0 

21.0 

18.0 

11.87 

P 

S 

SW 

209.5 

34.5 

19.9 

14.6 

9.42 

F 

w 

SW 

146.5 

42.5 

25.0 

17.5 

11.88 

s 

W 

124.8 

48.9 

32.5 

16.4 

11.74 



N 

W 

131.7 



SB 

W 

231.2 

50.0 

33.2 

16.8 

12.11 

LP 

NE 

N 

225.5 

46.2 

28.3 

17.9 

12.48 

nt 

7.15  A 

.22 

2.6 

B 

NW 

188.2 

85.3 

17.0 

18.3 

11.72 

Sn 

ot 

7.20A 

.14 

1.8 

SE 

S 

231.2 

9.1 

2.1 

7.0 

3.33 

Sn 

ll.OOA 

3.00P 

.07 

Melted 

S 

SW 

116.4 

• 



0 

w 

120.2 

34.1 

16.5 

17.6 

11.20 

HrF 

0 

NE 

238.7 

P 

S 

N 

300.2 

41.7 

23.0 

18.7 

11.56 

P 

0 

S 

167.3 



P 

S 

w 

116.9 

41.7 

24.2 

17.5 

11.80 

P 

SE 

w 

150.1 

44.5 

27.3 

17.2 

11.87 

P 



NW 

S 

130.7 

86.3 

21.7 

14.6 

9.55 

8.45  P 

T 

0 

N 

194.7 

24.2 

16.8 

7.4 

4.53 

Fog 

NE 

SW 

133.8 

P 

6.50P 

nt 

T 

0 

N 

176.1 

34.9 

24.5 

10.4 

6.84 

12  N 

5. OOP 

.57 

3.5 

N 

S 

127.5 

Rn 

0 

SW 

166.2 

49.6 

19.8 

29.8 

20.40 

F 

NW 

N 

141.8 

24.0 

10.8 

13.3 

7.90 

F 

7.60P 

10.00  P 

SE 

N 

112.7 

33.3 

14.9 

18.4 

11.00 

P 

.07 

0 

NW 

121.1 
163.9 

40.5 

23.4 

17.1 

11.45 

F 

1.07 

.... 

.... 

34.93 

19.30 

15.64 

10.23 

0.86 

.... 

.... 

235.0 

...:.. 

'i^i 

1 

ized.b.y.* 

^.OD 

k 
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METEOROLOGICAL  RECORD  FOR  APRIL.  UOO. 


1 
1 

1 

& 

7A 

.M. 

7P 

M. 

a 

3 

n 

1 

1 

i 
1 

JQ 

1 
1 

i 
1 

11 

C6 

Fo 

po 

po 

Perct. 

po 

po 

po 

Perct. 

po 

1 

88.2 

35.1 

31.3 

76.6 

49.7 

38.3 

23.3 

85.4 

27.8 

2 

44.9 

39.2 

82.9 

63.2 

56.2 

42.5 

26.6 

8«.« 

29.7 

8 

430 

37.1 

80.0 

60.5 

58.7 

45.2 

37.3 

54.1 

83.7 

4 

37.3 

37.0 

86.6 

97.5 

33.0 

32.6 

32.1 

96.4 

34.3 

6 : 

33.9 

83.8 

32.6 

94.8 

34.1 

33.8 

38.4 

97.4 

33.0 

6 

32.3 

32.3 

32.3 

100.0 

38.5 

38.5 

38.5 

100.0 

35.4 

7 

36.3 

35.8 

84.1 

91.9 

47.2 

44.8 

42.8 

85.0 

88.5 

8 

i4.7 

41.7 

88.8 

80.4 

42.9 

42.5 

42.1 

97.2 

40.4 

9 

37.1 

86.1 

34.9 

92.0 

89.6 

87.0 

84.0 

80.9 

84.5 

10 

31.2 

31.2 

31..2 

100.0 

24.2 

24.0 

28.6 

97.8 

27.4 

11 

18.2 

18.0 

17.6 

97.4 

29.7 

27.7 

24.6 

80.6 

21.1 

12 

31.2 

30.2 

28.8 

90.7 

37.1 

34.1 

30.2 

76.7 

29.5 

18 

36.9 

84.3 

31.0 

79.6 

48.8 

44.1 

40.3 

74.4 

35.6 

14 

40.8 

87.2 

88.1 

74.5 

44.2 

41.9 

39.7 

84.7 

36.4 

15 

42.0 

39.9 

37.8 

85.4 

39.7 

38.1 

86.4 

88.2 

87.1 

16 

39.2 

34.2 

27.6 

634 

43.1 

86.0 

26.4 

52.6 

27.0 

17 

32.5 

32.0 

31.4 

95.5 

82.8 

82.5 

32.1 

97.8 

81.8 

18 

19.8 

19.2 

18.0 

92.5 

50.2 

45.1 

40.6 

70.1 

29.8 

19- 

44.7 

41.2 

37.7 

77.2 

56.1 

48.7 

42.8 

61.0 

40.2 

20 

47.5 
49.7 

44.2 
45.7 

41.3 
42.8 

79.5 
76.2 

66.1 
58.2 

48.0 
48.6 

41.3 
40.6 

57.7 
52.7 

41.8 
41.5 

21 

22 

46.6 

44.8 

48.3 

88.6 

42.7 

38.0 

82.6 

68.2 

37.9 

23 

42.6 

38.2 

38.3 

70.1 

49.0 

42.0 

34.8 

58.4 

84.1 

24 

47.0 

41.2 

85.2 

64.1 

46.9 

48.8 

40.1 

77.6 

87.6 

25 

45.5 

43.1 

41.0 

84.6 

44.9 

41.1 

37.8 

75.3 

39.2 

26 

47.5 

43.5 

39.8 

75.3 

58.2 

44.5 

80.0 

34.4 

84.9 

27 

53.1 

45.9 

39.6 

60.2 

48.9 

48.2 

42.6 

95.2 

41.1 

28 

47.6 

45.6 

43.9 

87.5 

51.8 

49.8 

48.7 

91.1 

46.3 

29 

39.0 

87.8 

36.5 

90.9 

34.6 

82.9 

30.6 

85.6 

38.5 

80 

84.3 

34.0 

33.6 

97.4 

89.9 

87.9 

85.7 

85.4 

84.7 

Meant 

89.49 

36.95 

84.25 

82.92 

44.20 

39.89 

85.37 

74.79 

84.81 

Normal 

41.4 

86.0 

48.2 

88.7 

28.0 
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HETBOBOLOeiCAL  RBOOBD  FOB  APBIL,  IMO. 


1 

1 

a 
1-^ 

i 

a 

I 
I' 

1 
I 

as 

1 

Batometer,  Corrected  for  Tem- 
perature and  Instr  u  mental 
^rror 

RadUtion 

7 
A.M. 

7 
P.M. 

Mean 

1 
06 

Pcrct. 

po 

po 

po 

po 

Ins. 

Jna. 

Int. 

po 

F  ° 

56.0 

71.0 

27.0 

49.0 

44.0 

25.162 

25.022 

25.092 

22.1 

47.7 

78.9 

28.7 

51.3 

45.2 

24.977 

24.809 

24.898 

24.2 

57.3 

68.8 

29.6 

49.2 

39.2 

24.755 

24.762 

24.758 

24.7 

96.9 

382 

32.5 

35.3 

6.7 

25.006 

25.105 

25.056 

31.5 

96.1 

42.5 

32.1 

37.3 

10.4 

25.106 

25.066 

25.085 

31.8 

lOO.O 

44.7 

29.4 

37.1 

15.3 

25.014 

24.872 

24.943 

26.3 

88.5 

54.0 

31.0 

42.5 

23.0 

24.667 

24.653 

24.660 

29.8 

88.8 

56.2 

31.5 

43.8 

24.7 

24.635 

24.567 

24.596 

28.5 

86.4 

48.0 

36.1 

42.1 

11.9 

24.649 

24.844 

24.747 

35.5 

98.9 

82.0 

24.1 

28.0 

.7.9 

25.073 

S6.408 

25.238 

26.0 

-1.9 

89.0 

37.7 

6.1 

21.4 

82.6 

25.344 

25.233 

25.288 

-s.o 

83.7 

45.7 

23.2 

34.5 

22.5 

25.190 

25.027 

25.109 

20.0 

77.0 

53.5 

30.8 

42.1 

22.7 

24.876 

24.715 

24.795 

27.5 

79.6 

55.2 

32.8 

44.0 

22.4 

24.732 

.  24.777 

24.756 

29.2 

86.8* 

42.0 

35.0 

38.5 

7.0 

24.847 

24.933 

24.890 

34.8 

58.0 

50.2 

38.8 

44.5 

11.4 

25.025 

25.016 

25.020 

88.1 

96.4 

40.8 

32.2 

36.5 

8.6 

25.006 

24.987 

24.996 

31.8 

81.3 

58.4 

12.5 

35.5 

46.9 

24.970 

24.889 

24.930 

4.8 

69.1 

68.3 

31.6 

49.9 

38.7 

24.961 

24.913 

24.947 

29.7 

68.6 

72.0 

33.5 

52.8 

38.5 

24.899 

24.762 

24.830 

80.0 

64.5 

70.3 

37.9 

54.1 

32.4 

24.742 

24.-589 

24.666 

84.5 

78.4 

56.0 

40.9 

48.4 

15.1 

S4.688 

24.570 

24.554 

37.3 

64.2 

59.9 

31.1 

45.5 

28.8 

24.726 

24.772 

24.749 

26.8 

70.9 

59.6 

36.0 

47.8 

23.6 

24.796 

24.777 

24.787 

31.3 

79.9 

58.1 

35.3 

46.7 

22.8 

24.791 

24.786 

24.789 

29.8 

54.9 

66.9 

30.0 

48.5 

36.9 

24.881 

24.766 

24.798 

26.4 

77.7 

68.7 

41.7 

55.2 

27.0 

24.849 

24.940 

24.895 

85.3 

89.3 

61.7 

43.2 

52.4 

18.5 

25.001 

24.974 

2i.967 

41.1 

88.2 

39.6 

32.4 

36.0 

7.2 

25.163 

25.309 

25.236 

32.0 

91.4 

42.1 

82.0 

87.1 

10.1 

25.274 

25.127 

25.201 

32.0 

78.86 

54.53 

31.27 

42.90 

23.27 

24.921 

24.809 

24.910 

28.36 

2.91 

57.0 

61.9 

32.1 

46.3 

29.7 

24.940 

4.5 
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MBTBOROLOGICAL  RECORD  FOR  APRIL, 

1900. 

Precipitation 

Direction 
of  Wind 

-g  a 

ActinometeratNoon 

s 

pi 

I 

SI'S 

< 

7  A. 

7  P. 

\ 

1 

s 

1 

1 

Ins 

Ins 

Mies 

CO 

CO 

CO 

Cal 

1 



.... 





NW 

W 

186.9 

.... 





— 

p 

2 



— 





0 

W 

149.6 

46.7 

31.8 

14.9 

10.66 

p 

8 a- 









sw 

B 

588.2 









4 

nt 



1.52 

7.0 

B 

B 

77.5 





.... 



Rn 

5 



7.90  A 

.49 

1% 

0 

N 

92.9 

48.6 

21.7 

26.9 

18.47 

Sn 

6 

6.80P 



.23 



NW 

N 

120.4 

38.8 

18.0 

20.8 

18.56 

Pog 

7 



nt 

.20 



W 

W 

110.5 









Rn 

8 

3.30P 



.22 



NW 

3 

248.8 









P 

9 

11.30a 

nt 

.91 



S 

N 

234.5 

22.6 

11.1 

11.6 

6.85 

Rn 

10 

nt 

7.30P 

.62 

6.5 

NB 

N 

224.2 

44.1 

17.9 

26.2 

17.43 

Sn 

11 









W 

W 

108.0 







-_.. 

12 









w 

3 

126.4 

32.8 

17.2 

15.6 

9.90 

P 

13 

7.10P 



T 



NB 

8 

110.1 

37.7 

17.6 

20.1 

13.02 

P 

14 

5.50P 

6.20P 

.15 



W 

N 

210.3 

31.0 

17.8 

13.2 

8.34 

F 

15.1 

nt 

Int. 
all  da 

^.84 



N 

NNW 

427.4 







* 

Rn 

16 

nt 





N 

NW 

256.3 

29.0 

13.7 

15.3 

9.44 

17 

3.00P 

8.30  A 

.46 

2K 

NB 

NB 

79.5 

10.5 

5.9 

46 

2.56 

Sn 

18 

nt 

.13 

1 

W 

W 

78.6 







.__. 

Sn 

19 









w 

S 

116.4 

44.2 

28.5 

16.7 

10.87 

P 

20 









SB 

S 

154.2 

45.0 

29.0 

16  0 

11.13 

P 

21 

5.60  P 



T 



B 

NB 

151.5 

47.2 

30.6 

16.6 

11.72 

D 

22 

Int.  a 

11  day 

.08 



N 

N 

196.7 









D 

23 









N 

NW 

102.2 

29.1 

18.7 

10.4 

6.64 

P 

24 

2.30P    .... 

.02 



S 

NW 

145.6 







LP 

26 

5. OOP 

T 

N 

S  B 

134.7 

22  5 

15.2 

7.3 

4.42 

LP 

26 





N 

NW 

135.8 

45.0 

28.5 

16.5 

11.46 

HvP 

27 

2. SOP 



1.10 

Some 
hail 

NB 

NB 

239.6 

46.2 

29.7 

16.6 

11.57 



28 

5.35P 

5.45  P 

.70 

Some 
hail 

NW 

N 

208.1 

39.2 

23.8 

15.4 

10.20 

Rn 

29 

nt 

All 
day 

2.39 



N  W 

NW 

181.6 









Rn 

30 

.... 

8  00A 

.50 

4.5 

SB 

0 

72.4 

40.2 

18.1 

22.1 

14.49 

Sn 

Means 

.... 

.... 

10.56 

22K 

.... 

.... 

ir2.2 

36.86 

20.78 

16.08 

10.66 

Normal   

.... 

.... 

2.12 

.... 

.... 

.... 

244. 

.... 

.... 

... 

{^i^ 

^rs  1  f^ 

■ 

_    _ — 

■* 



-'igitizet 

jby  V^ 

jOC 

mQ 
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MBTBOBOLOGICAL  RECORD  FOR  MAY,  : 

1900. 

Temperature,  Dew  Point  and  Relative  Humidity 

a 

I 
1 
§ 

& 

7  A. 

M. 

7  P.M. 

a 
S 

t 
^ 

1 

ii 

J3 

i 

a 
1 

1 

1? 

11 

po 

po 

po 

Perct. 

po 

po 

po 

Per  ct. 

Perct. 

1 

33.2 

33.2 

33.2 

100.0 

48.9 

44.9 

41.4 

76.9 

87.3 

2 

•  47.1 

42.3 

87.7 

70.1 

50.4 

45.8 

40.9 

70.2 

39.3 

8 

48.7 

45.5 

42.8 

80.6 

67.6 

48.0 

89.9 

61.8 

41.3 

4 

58.2 

48.7 

40.9 

62.7 

62.8 

62.0 

44.0 

60.4 

42.6 

5 

53.8 

49.1 

45.6 

73.8 

68.7 

46.2 

84.2 

39.8 

39.9 

6 

64.2 

47.1 

41.2 

61.4 

56.8 

60.2 

46.4 

72.2 

43.8 

7 

59.1 

49.1 

40.9 

51.1 

59.7 

47.6 

86.7 

42.4 

38.8 

8 , 

61.7 

47.6 

44.2 

75.9 

61.2 

49.9 

40.8 

47.1 

42.6 

9 

53.9 

47.7 

42.7 

66.8 

68.1 

65.7 

47.5 

48.0 

45.1 

10 

60.2 

53.0 

48.1 

64.8 

66.7 

54.0 

46.9 

48.9 

47.0 

11 

62.0 

61.1 

42.7 

49.4 

63.7 

52.0 

44.3 

49.4 

43.5 

12 

56.0 

43.8 

30.8 

38.6 

68.9 

49.0 

40.9 

-51.4 

35.8 

18 

65.9 

44.1 

81.8 

40.3 

64.7 

47.8 

S9.4 

S6.6 

30.6 

14 

47.6 

43.9 

40.6 

77.2 

51.8 

46.8 

42.7 

71.3 

41.7 

15 

52.1 

47.0 

42.8 

70.9 

67.0 

47.2 

38.6 

50.4 

40.7 

16 

53.0 

46.9 

41.8 

65.9 

629 

51.1 

42.0 

46.4 

41.9 

17 

57.2 

46.2 

86.0 

45.2 

45.8 

43.8 

42.0 

87.1 

39.0 

18 

46.0 

44.0 

42.2 

87.2 

48.9 

43.9 

39.3 

70.0 

40.7 

19 

47.7 

44.7 

42.1 

81.4 

50.1 

47.9 

46.3 

86.8 

44.2 

20 

45.7 

45.7 

46.7 

100.0 

47.3 

45.8 

41.6 

90.6 

45.2 

21 

50.9 

48.8' 

47.2 

87.6 

55.3 

51.2 

48.8 

77.5 

47.7 

22 

56.2 

51.0 

47.2 

72.0 

62.7 

54.9 

49.9 

62.9 

48.6 

23 

55.9 

46.8 

38.8 

52.8 

61.6 

53.0 

47.0 

58.9 

42.9 

24 

55.6 

51.9 

49.4 

79.6 

61.0 

52.4 

46.3 

58.6 

47.8 

25 : 

62.7 

65.0 

50.1 

63.4 

66.9 

53.9 

44.8 

44.8 

47.5 

26 

59.8 

52.0 

46.5 

61.4 

68.3 

57.1 

50.2 

52.6 

48.3 

27 

59.7 

52.8 

48.1 

65.4 

60.6 

63.9 

42.3 

37.3 

45.2 

28 

59.2 

55.7 

53.6 

81.7 

72.1 

57.1 

47.4 

41.6 

50.5 

29 

67.9 

54.9 

45.1 

45.5 

66.0 

34.0 

45.6 

48.0 

45.4 

30 

58.9 

54.3 

51.4 

76.2 

68.7 

59.8 

54.9 

61.4 

63.1 

31 

69.2 

56.2 

64.4 

84.3 

67.7 

52.5 

40.7 

37.5 

47.6 

Mean* 

64.49 

48.39 

43.41 

68.44 

59.98 

50.59 

43.39 

56.70 

43.40 

Normal 

51.3 

45.2 

56.6 

47.0 

)igitized  1 

yXarO 

38.6 
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METEOROLOGICAL  RECORD  FOR  MAT,  1900l 


1 

1 

i 

By 

i 

§ 
a 

1- 

1 

0 

i 

i 

Barometer,  Corrected 
for  Temperature  and 
Instrumental  Brror 

Terresttlnl 
RadiaUon 

7 
A.M. 

7 
P.M. 

Mean 

» 

a 

1 

po 

po 

po 

po 

po 

Int. 

Ins. 

Ins. 

po 

po 

I 

87.9 

61.7 

89.8 

45.7 

31.9 

25.007 

24.926 

24.966 

26.3 

3.5 

2    

70.2 
66.2 

59.2 
69.5 

45.0 
34.3 

52.1 
51.9 

14.2 
35.2 

25.129 
25.150 

25.112 
25.007 

2&121 
25.078 

41.2 

28.8 

3.8 

5.5 

8 

4 

51.5 

74.4 

40.0 

57.2 

34.4 

25.021 

24.870 

24.946 

34.2 

5.8 

5 

56.8 
66.8 
46.8 
61.5 
56.9 
56.6 

75.7 
68.3 
70.3 
72.6 
79.1 
84.1 

43.1 
44.0 
46.4 
39.6 
42.4 
43.2 

59.4 
56.2 
58.3 
56.1 
60.8 
68.6 

32.6 
24.3 
23.9 
33.0 
86.7 
40.9 

24.850 
24.852 
25.056 
86.861 
86.861 
25.060 

24.761 
24.884 
26.104 
25.220 
25.073 
24.910 

24.806 
24.873 
25.080 
25.235 
25.162 
24.990 

38.1 
89.1 
40.8 
32.4 
35.2 
36.2 

5.0 
4.9 
5.6 
7.2 
7.2 
7,0 

6       

7          

8     

9        

10 

11             

49.4 

•  45.0 

33.4 

81.4 
72.1 
74.0 

42.8 
47.0 
51.4 

62.1 
59.6 
62.7 

38.6 
25.1 
22.6 

24.860 
24.798 
24.794 

84.676 

24.698 
24.833 

24.773 
24.746 
24.813 

35.4 
38.5 
87.1 

7.4 
8.5 
14.8 

12       

13 

14 

74.2 

66.2 

45.9 

56.0 

20.3 

25.068 

25.077 

25.073 

43.7 

2.2 

15      

60.7 
56.1 

66.8 
73.9 

41.8 
35.0 

54.1 
54.4 

25.5 
38.9 

25.211 
25.081 

25.132 
24.871 

25.171 
24.976 

34.0 
29.1 

7.3 
5.0 

16 

17 

66.2 

61.9 

45.1 

53.5 

16.8 

24.877 

24.994 

24.936 

40.8 

4.3 

18 

78.6 

57.4 

37.7 

47.6 

19.7 

25.016 

24.991 

25.003 

35.0 

2.7 

19 

84.1 
95.8 

63.0 
51.0 

32.8 
44.0 

47.9 
47.9 

30.2 
6.1 

25.015 
25.013 

24.969 
25.017 

24.967 
25.090 

28.8 

a.8 

4.0 
0.1 

20 

21 

82.5 

65.1 

44.8 

55.0 

20.8 

25.063 

25.007 

25.045 

42.1 

2.7 

22 

67.5 

74.9 

40.8 

57.6 

34.6 

24.936 

24.814 

24.875 

36.5 

3.8 

23    

55.8 
60.1 

73.2 
73.2 

49.8 
44.8 

61.5 
59.0 

23.4 
28.4 

24.962 
24.978 

24.961 
24.903 

24.967 
24.940 

44.8 
40.1 

5.0 

4.7 

24 

26             

54.1 
57.0 

77.7 
82.1 

49.8 
43.7 

63.5 
62.9 

28.4 
38.4 

25.074 
25.150 

25.003 
25.006 

25.084 
25.079 

43.3 

»7.2 

6.0 
6.5 

26 

27 

51.4 

84.7 

44.7 

64.7 

40.0 

25.022 

24.026 

24.974 

89.2 

5.5 

28 

61.6 

82.3 

44.9 

63.6 

37.4 

24.990 

24.920 

24.956 

39.5 

5.4 

29 

46.8 

82.2 

64.2 

68.2 

28.0 

25.004 

25.021 

25.012 

48.P 

6.2 

30 

68.8 

81.9 

42.0 

61.9 

39.9 

25.004 

24.936 

25.015 

89.1 

2.9 

31 

60.9 

83.0 

48.1 

66.6 

34.9 

25.013 

24.916 

24.965 

41.2 

6.9 

Means 

62.57 

72.35 

43.17 

57.76 

29.18 

25.022 

24.967 

24.969 

37.76 

5.41 

Normal 

60.7 

60.0 

40.8 

54.8 

28.1 



24.9i8 

6.9 
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METEpROLOGICAL  RECORD  FOR  MAY,  1900. 

Precipitation 

Direction 
of  Wind 

II 

B2 

Adino  meter  at  Noon 

a 

i 

.5  c 

i 

t  1 

I 

< 

7  A. 

7  P. 

.a 

1 

5 

a 

9 

I 
•c 
n 

5 

1 

1 

1 

Ins. 

Ins. 

Miles 

c° 

CO 

CO 

Cal. 

9.00  P 

8 

S 

179.5 

Fog 

6.45  P 

.01 

N 

B 

120.2 

27.8 

19.0 

8.8 

5.51 

Rn 

SB 

SW 

171.6 

45.9 

29.8 

16.1 

11.28 

LP 

W 

NW 

142.2 

49.5 

33.2 

16.3 

11.73 

D 

-p 

N 

NW 

149.3 

49.5 

33.1 

16.4 

11.79 

D 

11.1.4  P 

8.00  P 

.08 

SW 

NE 

197.3 

.04 



NW 

N 

233.2 

36.0 

19.7 

16.3 

10.57 

Rn 

SK 

SE 

160.3 

D 

N 

W 

105.3 

49.3 

33.5 

15.8 

11.37 

D 

3.00  P 

T 

9E 

N 

138.7 

36.5 

30.5 

6.0 

4.06 

D 



W 

N 

214.6 

54.9 

38.1 

16.8 

12.57 

D 

NW 

NW 

252.8 

48.8 

31.6 

17.2 

12.27 

SB 

• 
S 

170.0 

Int.AM 

.14 

S  W 

S  B 

107.1 

21.0 

13.4 

7.6 

4.54 

nt 

nt 

.07 

N 

NW 

96.8 

Rn 



8 

N 

159.5 

48.4 

32.2 

16.2 

11.56 

LF 

5.00 

6.40 

.08 

N 

S  W 

121.1 

22.2 

17.4 

4.8 

2.92 

.40  P 

3.00  P 

.02 

W 

w 

98.6 

23.8 

16.7 

7.1 

4.34 

5.90  P 

.05 

NB 

s 

197.0 

31.3 

21.2 

10.1 

6.47 

D 

lot  PM 

9.00  A 

1.21 

B 

B 

189.2 

Rn 

nt 

nt 

.02 

0 

W 

96.8 

43.3 

27.4 

15.9 

10.92 

Rn 



W 

S 

186.6 

D 



NW 

S 

158.4 

46.5 

30.8 

15.7 

11.06 

6.10  P 

6.20  P 

.03 

N 

W 

122.5 

33.2 

22.7 

10.5 

6.81 

D 

N 

N 

110.7 

49.8 

34.7 

15.1 

11.00 

D 



NW 

S  B 

89.1 

50.0 

35.1 

14.9 

10.82 

0 

W 

103.3 

D 

SW 

S 

132.6 

62.1 

37.4 

14.7 

10.86 

D 

900P 

T 

NW 

S 

123.5 

B 

S 

97.7 

NW 

B 

144.7 

33.9 

27.5 

6.4 

1.75 

.... 

.... 

147.3 

40.65 

27.86 

12.80 

8.89 

2.74 

.... 

.... 

198. 

____Pjc 

itize 

■  > 
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METEOROLOGICAL  RECX)RD  FOR  JUNE,  1900. 

Temperature,  Dew  Point  and  Relative  Homldity 

1 
1 

1 

7A 

M. 

7  P.M. 

US 

a 
1 

I 

1 

11 

'3 

PQ 

t 

Q 

1 

i 

1 
1 

11 

po 

po 

po 

Per  ct. 

po 

po 

po 

Perct. 

po 

1 

55.3 

48.6 

43.4 

64.0 

61.2 

56.9 

54.4 

78.4 

48.9 

2 

56.9 
60.2 

52.9 
56.8 

50.3 
54.9 

78.6 
82.5 

68.7 
61.1 

58-1 
55.1 

51.8 
51.3 

55.0 
702 

51.0 
53.1 

3 

4 

58.2 

55.1 

53.2 

83.5 

62.7 

55.2 

50.4 

64.2 

51.8 

5 

59.1 

54.2 

51.1 

74.7 

65.2 

55.0 

48.3 

54.4 

49.7 

6 

65.2 
69.2 

56.5 
52.3 

51.2 
88.7 

60.5 
33.1 

1    60.9 
67.4 

54.8 
55.4 

44.1 
47.4 

30.7 
48.9 

47.7 
43.0 

7 

8 

60.7 

53.7 

49.1 

65.4 

72.6 

54.7 

41.5 

32.6 

45.3 

9 

61.9 

56.8 

51.9 

62.8 

64.7 

51.1 

40.2 

40.9 

46.1 

10 

45.1 

42.0 

30.0 

79.9 

53.1 

51.2 

49.9 

89.1 

44.4 

11 

57.9 

53.9 

51.4 

78.9 

61.7 

54.9 

60.6 

66.8 

51.0 

12 

56.9 

52.7 

49.9 

77.5 

63.2 

53.2 

46.2 

53.9 

48.1 

13 

61.2 

56.0 

52.9 

74.0 

64.0 

57.6 

53.9 

69.6 

53.4 

U 

62.9 

59.0 

56.9 

80.8 

61.3 

51.0 

43.1 

51.4 

50.0 

15 

60.1 

54.1 

50.2 

69.8 

69.9 

58.3 

51.4 

52.1 

50.8 

16 

60.9 

54.1 

49.7 

66.5 

68.8 

60.0 

55.2 

61.9 

52.4 

17 

65.2 

51.7 

41.2 

41.7 

66.0 

57.8 

53.0 

63.0 

47.1 

18 

61.9 

56.1 

52.6 

71.5 

69.0 

59.2 

53.6 

58.2 

53.1 

19 

62.0 

56.9 

53.9 

74.8 

71.9 

60.2 

53.7 

53.0 

53.8 

20 

65.6 

57.1 

52.0 

61.5 

75.7 

60.3 

51.4 

42.8 

51.7 

21 

73.1 

62.6 

57.4 

57.8 

76.1 

64.3 

58.6 

54.9 

58.0 

22 

70.8 

61.9 

57.4 

62  5 

75.1 

63.0 

56.9 

53.3 

57.2 

28 

68.9 

61.3 

57.4 

66.7 

73.0 

61.1 

54.7 

52.9 

56.0 

24 

66.8 

69.2 

55.6 

69.5 

75.6 

61.1 

53.1 

45.7 

54.4 

25 

72.1 

59.1 

51.5 

48.5 

74.2 

61.9 

55.0 

52.1 

53.5 

26 

66.3 

58.2 

53.6 

63.5 

78.1 

61.9 

53.0 

41.9 

53.3 

27 

73.2 

63.0 

58.0 

58.9 

75.9 

65.3 

60.4 

58.8 

59.2 

28 

67.1 
68.0 

61.1 
59.2 

58.0 
54.3 

72.6 
61.5 

74.4 
74.9 

60.1 
57.9 

51.9 
47.1 

45.5 
37.2 

54.9 
•50.7 

29 

30 

65.9 

59.5 

56.0 

70.4 

78.0 

57.0 

42.2 

28.1 

49.1 

Means 

63.35 

56.19 

51.76 

67.13 

69.11 

57.79 

50.83 

53.88 

51.29 

Normal 

60.4 

53.5 

65.9 

55.1 



J  by  i 

48.1 
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HETEOBOLOGICAL  RECOBD  FOR  JDNE,  1900. 


1 

i 

8 

a 

i 

a 

1 

i 

Barometer.  Corrected  for  Tem- 
perature and  Instru  mental 
Error 

Terrestrial 
Radiation 

r 

Is 

M 

0 

1^ 

5" 

1- 

a 

7 
A.M. 

7 
P.M. 

Mean 

1 
1 

Perct. 

po 

po 

po 

po    : 

Ins. 

Ins. 

Ins. 

po 

po 

71.2 

66.3 

52.2 

59.2 

14.1 

85.196 

S.llO 

25.153 

48.2 

4.0 

86.8 

77.0 

46.3 

61.7 

80.7    1 

25.091 

24.991 

25.041 

40.0 

6.3 

76.3 

77.7 

45.6 

66.1 

32.1 

25.041 

25.005 

25.023 

39.1 

6.5 

73.9 

71.8 

51.6 

61.7. 

20.2 

25.049 

25.059 

25.054 

47.2 

4.4 

64.5 

79.2 

43.0 

61.1 

36.2 

25.044 

24.989 

25.016 

36.7 

6.3 

50.1 

86.1 

46.0 

66.1 

40.1 

24.994 

24.«{5 

24.965 

40.0 

6.0 

41.0 

89.8 

55.1 

72.4 

34.7 

25.015 

25.027 

25.021 

42.7 

IS. 4 

49.0 

85.1 

46.0 

65.6 

80.1 

24.963 

24.819 

24.901 

39.8 

6.2 

51.9 

84.2 

52.0 

68.1 

82.2 

24.817 

24.862 

24.839 

43.5 

8.5 

84.5 

61.0 

45.7 

53.3 

15.3 

25.173 

25.045 

25.109 

42.2 

8.6 

72.8 

75.7 

41.6 

58.7 

84.1 

25.045 

25.009 

25.027 

35.8 

5.8 

65.7 

80.9 

40.7 

60.8 

40.2 

25.000 

25.025 

25.013 

32.6 

8.1 

71.8 

74.1 

49.2 

61.6 

24.9 

25.136 

25.011 

25.073 

41.3 

7.9 

66.1 

76.7 

51.3 

64.0 

25.4 

24.985 

24.919 

24.962 

A7.2 

4.1 

61.0 

82.2 

43.2 

62.7 

39.0 

25.0^ 

24.936 

24.980 

38.8 

4.4 

64.2 

87.7 

43.7 

65.7 

44.0 

24.030 

24.838 

24.884 

38.3 

5.4 

52.3 

80.2 

53.4 

66.8 

26.8 

24.993 

25.065 

^.029 

44.2 

9.2 

64.9 

83.7 

48.9 

66.3 

84.8 

25.130 

25.063 

25.107 

43.2 

5.7 

63.9 

85.3 

53.0 

69.2 

32.3 

25.152 

25.080 

25.116 

46.7 

6.3 

52.1 

91.0 

50.1 

70.5 

40.9 

25.108 

25.025 

25.066 

43.2 

6.9 

56.4 

92.9 

58.0 

75.5 

34.9 

25.029 

25.004 

25.017 

48.1 

9.9 

57.9 

89.6 

56.2 

72.9 

33.4 

25.055 

25.022 

,     25.038 

48.1 

8.1 

59.8 

87.1 

57.0 

72.0 

30.1 

25.080 

24.903 

25.041 

51.1 

5.9 

57.6 

89.0 

55.0 

72.0 

34.0 

25.035 

24.981 

25.008 

49.2 

5.8 

50.3 

90.9 

58.4 

74.7 

32.5 

25.023 

24.955 

24.989 

49.1 

9.3 

52.7 

94.4 

57.1 

75.7 

37.3 

24.960 

24.950 

24.955 

48.8 

8.3 

58.8 

89.1 

54.7" 

71.9 

34.4 

24.064 

24.991 

24.978 

47.7 

7.0 

59.1 

94.1 

55.0 

74.6 

39.1 

25.017 

24.973 

24.995 

60.3 

4.7 

49.3 

87.7 

56.6 

72.1 

31.1 

25.019 

24.895 

24.967 

51.9 

4.7 

49.3 

92.7 

54.0 

73.4 

38.7 

24.858 

S4.789 

24.823 

50.2 

3.8 

60.51 

83.44 

50.60 

67.06. 

33.75  i 

25.032 

24.979 

25.006 

44.17 

6.51 

61.2 

79.3 

48.1 

63.4 

31.4 

24.975 

6.2 
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THIBTEENTH  ANNUAL  BEPOEX 

TABLE  VI— Concluded. 


METEOROLOGICAL  BEOORD  FOR  JUNE. 

1900. 

PrecipiUtion 

Direction 
of  Wind 

ll 

Actinometer  at  Noon 

1 

•6 

s 

"s 

a     g 

I 

< 

7  A. 

7  P. 

US 

t 

3 

1 

8 

1 

1 

8 

1 

\bo't 
3.0UA 

Ins. 
.06 

Ins. 

N 

W 

Miles 
110.3 

CO 

C° 

c° 

Cal. 

Rn 

2 









NW 

B 

i      93.0 

49.4 

338 

15.6 

11.24 



3 

lOOP 



T 



NW 

0 

124.6 









4 

5 

.... 

.... 

.... 

B 
•      0 

W 

169.4  1 
151.0  , 

28.5 

210 

75 

4.75 



6 

7 

.... 

.... 

.... 

.... 

W 
N 

W 

217.7 
142.5 

.... 

.... 

.... 

.... 

8 

4  30P 



T 



NW 

s 

144.9 









9 

7.00  P 



T 



NW 

N 

i    233.2 

582 

4a6 

17.6 

13.53 

D 

10 

6.45  A 



.13 



N 

s 

155.5 









Rn 

11 

7.00  P 

.01 



0 

s 

125.3 

44.5 

310 

13.5 

9.45 

D 

12 







8 

sw 

122.0 









D 

13 

5.15  P 

5.45  P 

.51 



SE 

sw 

139.1 









U 

3.45  P 



.01 



NW 

N 

133.9  ' 

39.6 

30.5 

9.1 

6.24 

D 

15 







■ 

0 

s 

104.8 

51-1 

36.6 

14.5 

10.63 

D 

16 







....  1 

NW 

0 

127.7 

54  0 

39.1 

14.9 

11.15 

D 

17 

1.15  P 

.... 

T 

.... 

NB 

sw 

115.2 

.... 

.... 

18 

400P 
5.00  P 

5.10  P 

.07 

.... 

0 
N 

s 

8 

141.7 
77.5 

.... 

.... 

.... 

.... 

19 

D 

20 



.... 





0 

SW 

95.0 

55.5 

41.5 

14.0 

10.63 

D 

21 









0 

S 

110.9 

517 

44.1 

7.6 

5.75 

22 



.A. 



N 

B 

96.5 

55.0 

418 

13.2 

lo.te 

23 



.... 



NB 

SB 

106.0 

54.0 

40.1 

139 

10.44 

I» 

24 









NW 

w 

107.0 











25 

4.45  P 



T 



NW 

NW 

113.4 

.'ie.o 

41.7 

14.3 

10.69 

D 

26 









NW 

S 

141.2 









D 

27 









N 

S 

134.6 

54.5 

40.6 

13.9 

10.54 

28 





.01 



SB 

8 

132.7 

59.3 

45.1 

14.2 

11.09 

D 

29 





T 



NW 

SB 

93.1 

30.6 

25.7 

4.9 

3.18 

D 

30 

.... 

.... 

T 

.... 

0 

S 

175.6 

.... 

.... 

.... 

.... 

D 

Means 

.... 

.... 

0.82 

.... 

.... 

.... 

131.1 

49.46 

36.88 

12.58 

9.30 

Normal 

.... 

.... 

1.57 

.... 

.... 

.... 

159. 

.... 

.... 

.... 

.... 
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METEOROLOGICAL  RECOBD  FOB  JULY, 

1900. 

Temperature,  Dew  Point  and  Relative  Humidity 

44 

1 

a 
8 

a 

7  A.M. 

7  P. 

M. 

9 

Q 

03 

1 

a 

'1 

1 

ll 

■B  3 

1 

a 

1 

«  a 

po 

po 

po 

Perct. 

po 

po 

po 

perct. 

po 

1 

66.0 

58.8 

54.8 

67.1 

69.0 

60.0 

55.1 

61.2 

54.9 

2 

64.1 

66.0 

51.0 

62.4 

73.9 

64.2 

50.6 

61.0 

55.3 

3 

61.1 

53.1 

47.6 

61.3 

67.7 

57.0 

60.4 

54.0 

49.0 

4 

67.0 

58.0 

62.8 

60.2 

65.7 

59.2 

55.6 

60.9 

54.2 

5 

61.0 

56.5 

53.8 

77.4 

69.8 

56.3 

47.5 

45.2 

50.7 

6 

60.7 

51.8 

45.3 

57.0 

81.2 

55.7 

86.8 

19.8 

40.3 

7 

61.7 

52.0 

44.9 

54.2 

70.9 

61.8 

57.2 

61.8 

51.0 

8 

60.1 

52.3 

46.8 

61.6 

73.0 

58.0 

48.6 

42.2 

47.7 

9 

66.2 

57.7 

52.7 

61.8 

74.2 

57.9 

47.6 

38.9 

50.2 

10 

64.1 

55.2 

49.5 

69.1 

73.0 

64.0 

69.7 

63.1 

54.6 

11 

67.8 

59.6 

65.1 

63.8 

73.9 

61.1 

54.2 

60.2 

54.6 

12 

66.1 

57.5 

52.4 

61.4 

74.8 

62.7 

56.6 

53.1 

54.5 

IS 

68.0 

60.0 

55.7 

64.7 

71.1 

61.0 

55.7 

58.2 

55.7 

U 

71.0 

61.2 

56.1 

59.2 

71.5 

62.1 

57.4 

60.9 

56.8 

15 

61.4 

56.2 

58.1 

74.0 

57.2 

55.1 

53.9 

88.5 

53.5 

16 

56.1 

54.3 

53.2 

90.0 

65.4 

57.1 

52.1 

62.2 

52.6 

17 

60.0 

56.8 

55.0 

83.5 

73.4 

68.3 

58.4 

59.3 

56.7 

18 

64.9 

U.O 

46.5 

51.5 

70.3 

60.4 

55.1 

58.5 

50.8 

19 

51.0 

51.0 

51.0 

100.0 

55.0 

53.1 

51.9 

89.3 

51.5 

20 

50.0 

49.7 

49.5 

98.1 

66.1 

56.1 

49.8 

56.8 

49.6 

Bl 

61.9 

54.9 

50.5 

66.0 

69.8 

59.0 

52.6 

55.0 

51.6 

22 

66.3 

58.4 

53.9 

64.3 

69.2 

58.9 

53.0 

56.4 

53.4 

23 

67.6 

61.6 

58.6 

72.8 

62.9 

59.0 

56.9 

80.8 

57.8 

24 

63.2 

59.0 

56.7 

79.4 

68.9 

59.9 

57.8 

80.6 

57.2 

25 

61.4 

58.7 

57.3 

86.3 

67.9 

61.1 

57.6 

69.5 

57.5 

26 

62.4 

60.0 

58.8 

87.8 

70.1 

60.1 

54.7 

58.0 

56.7 

27 

64.2 

59.7 

57.4 

78.3 

73.3 

60.0 

52.5 

48.1 

55.0 

28 

59.9 

53.3 

48.9 

66.5 

66.5 

58.0 

53.1 

62.0 

51.0 

29 

59.9 

56.0 

53.7 

80.0 

71.0 

60.7 

55.3 

57.4 

54.5 

30 

68.7 

58.0 

54.8 

72.7 

74.0 

59.0 

60.0 

42.9 

52.4 

31 

61.9 

56.8 

53.8 
52.62 

74.7 

74.2 

58.1 

48.0 

89.6 

50.9 

Means 

62.60 

56.39 

70.87 

60.67 

59.35 

53.33 

58.16 

52.97 

Normal 

64.4 

58.0 

69.8 

59.7 

53.8 
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METEOROLOGICAL  RECORD  FOR  JULY,  1900. 


I 
I 

Q 


I 

I 

I 

g 

H 

H 

a 

a 

a 

3 

Is 

Is 

e 

& 
S 

H 

a 
t 

^  9 


B 

2 


Barometer,  Corrected 
for  Temperature  and 
Instnimental  Error 


7 
A.M. 


7 
P.M. 


Mean 


TeneatTlal 
Radiation 


1 

3 

FO 

po 

49.5 

4.5 

49.2 

5.6 

4B.7 

8.6 

51.9 

8.7 

48.1 

2.9 

43.8 

6.8 

45.2 

7.4 

43.6 

5.7 

U.4 

7.0 

44.0 

6.0 

49.1 

5.9 

49.0 

7.1 

47.8 

7.6 

49.0 

7.0 

58.8 



49.9 

2.2 

42.4 

4.5 

44.9 

6.0 

49.8 

1.6 

86.0 

4.2 

41.1 

4.9 

45.9 

7.5 

51.8 

7.1 

47.7 

4.6 

47.2 

8.7 

49.8 

5.7 

50.3 

4.3 

48.8 

6.7 

43.3 

5.2 

44.2 

7.6 

41.3 

9.4 

1 

2.. 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14.. 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Meana.. 

Normal 


Perot. 
64.1 

61.7 

67.7 

65.0 

61.3 

38.2 

58.0 

51.9 

50.3 

61.1 

57.0 

57.3 

61.4 

60.1 

81.2 

76.1 

71.4 

55.0 

94.7 

76.9 

60.5 

60.4 

76.8 

80.0 

77.9 

72.9 

63.2 

64.2 

68.7 

57.8 

57.2 


po 
80.2 
86.9 
85.0 
73.0 
83.9 
90;8 
82.2 
82.8 
92.0 
91.3 
92.4 
92.7 
90.0 
99.9 
74.1 
73.0 
90.1 
82.0 
59.7 
79.1 
87.8 
88.1 
78.1 
73.5 
77.7 
80.5 
89.8 
75.7 
86.0 
88.7 
92.8 


po 
54.0 
54.8 
40.8 
55.6 
51.0 
50.1 
52.6 
49.3 
51.4 
50.0 
55.0 
56.1 
54.9 
56.0 
54.9 
52.1 
46.9 
50.9 
51.6 
40.9 
46.0 
53.4 
58.9 
52.3 
50.9 
55.0 
54.6 
55.5 
48.5 
51.8 
50.7 


po 
67.1 
70.8 
67.2 
64.7 
67.5 
70.4 
67.4 
66.1 
71.7 
70.6 
73.7 
74.4 
72.5 
74.4 
64.5 
62.6 
68.5 
66.4 
55.7 
59.6 
66.9 
70.8 
68.5 
62.9 
64.3 
67.7 
72.2 
65.6 
67.3 
70.2 
71.8 


po 
26.2 
32.1 
35.7 
18.8 
82.9 
40.7 
29.6 
83.5 
40.6 
41.3 
37.4 
86.6 
35.1 
36.9 
19.2 

ao.9 

48.9 

31.1 
8.1 

38.9 
41.8 
34.7 
19.2 
21.2 
26.8 
25.5 
35.2 
20.2 
87.5 
36.9 
42.1 


Ina. 
24.796 

24.946 

24.906 

24.914 

24.814 

24.959 

25.133 

25.184 

24.965 

25.028 

25.061 

24.978 

24.915 

24.839 

24.942 

25.096 

25.088 

25.020 

25.205 

25.154 

25.016 

25.075 

25.148 

25.181 

25.189 

25.044 

24.992 

25.189 

25.181 

^.186 

96.918 


Ins. 
24.802 

24.752 

24.858 

24.834 
24.838 
24.828 
S.124 
24.916 
24.922 
24.979 
24.996 
24.884 
24.842 

94.798 
24.949 
25.097 
24.922 
24.948 

'25.162 
25.044 
24.998 
24.904 
25.163 
25.182 
25.076 
25.010 
24.978 
25.145 
25.065 
25.146 
25.134 


Ina. 
24.790 

24.849 

24.881 

24.874 


25.129 
25.060 
24.943 
25.004 
25.024 
24.981 
24.879 
24.783 
24.946 
25.097 
24.961 
24.984 
25.183 
25.099 
25.022 
24.990 
25.156 
25.182 
25.132 
25.027 
24.985 
25.167 
25.123 
25.166 
25.176 


64.52 


66.2 


83.67 


84.3 


52.07   67.87 


53.3    68.4 


81.59 


31.; 


25.043 


24.975 


25.009 


25.071 


46.84 


5.58 


5.9 
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METEOROLOGICAL  RECORD  FOE  JULY.  1900. 

Direction 
of  Wind 

ll 

Actinometer  st  Noon 

a 

-6 

S 

1* 

|9S 

< 

7  A. 

7  P. 

1 

1 

i 

1 

3.00  P 

4.15and 
7.00  F 

11.00  A 
nt 

4.00P 
4.40P 

6.45  P 

nt 

About 
4.00  A 



5.25  P 

Ins 
T 

.08 
..08 
.08 

.07 
.19 

.19 
.01 

T 
.43 

.06 

T 

Ins 


N 

W 

8 

NW 

N 

0 

n 
w 

B 

0 
SB 
SB 

0 

NW 

0 

N 

0 

NB 

N 

N 

N 
NB 

N 

N 

SW 
NW 
W 
SW 
SW 
W 
NB 

S 
NB 
B 
W 
W 
W 
W 
0 
0 
0 
0 

NB 

N 
SB 
NB 
NB 
NW 

W 
NW 

B 
0 

Miles 
121.9 
101.1 
122.7 
88.3 
222.3 
190.9 
98.1 
136.4 
123.4 
110.0 
83.2 
114.8 
106.7 
191.6 
95.0 
86.0 
122.2 
137.6 
50.7 
95.8 
88.1 
128.7 
105.5 
89.9 
83.1 
118.0 
119.6 
113.2 
99.0 
94.7 
108.3 

CO 
51.5 

39.2 
52.8 

48.5 

55.0 
60.9 
42.8 
56.0 

40.3 

21.0 

55.2 

27.0 

47.9 
55.0 
56.9 
38.7 

.53.7 

CO 

36.8 

n.i 

38.5 

36.6 

41.2 
45.5 
35.9 
38.7 

32.5 

14.6 

40.4 

24.5 

33.8 
39.6 
41.8 
28.2 

40.0 

CO 
14.7 

8.1 
18.8 

12.0 

13.8 
15.4 
6.9 
17.3 

7.8 


6.4 
14.8 

2.5 

14.1 
15.4 
15.1 
10.5 

13.7 

Cal 
10.80 

5.48 
10.24 

8.71 

10.45 
12.08 
4.89 
13.08 

5.40 

3.84 

11.18 

1.59 

10.10 

11.59 

9.56 

7.11 

10.28 

8.61 
^30C 

D 

Rn 
Rn 

D 

D 
D 
D 
D 
D 

D 

D 

1.14 

.... 

.... 

114.0 

47.17 

36.27 

11.90 

Jt" 

1.87 

.... 

.... 

138. 

ic 

tized  by 

^. 
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METEOBOLOQICAL  RECORD  FOR  AUGUST,  1900. 


Temperature,  Dew  Point  and  Relative  Humidity 


7  A.M. 


7  P.M. 


a 

I 


I 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17: 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28. 

29 

30 

31 

Means. . 

Normal 


62.2 
75.0 
71.8 
64.7 
66.6 
66.1 
64.8 
62.0 
64.9 
61.8 
61.0 
65.2 
68.9 
60.8 
62.2 
57.6 
53.0 
61.1 
61.8 
64.2 
61.6 
55.1 
57.7 
58.1 
56.8 
57.2 
60.2 
60.8 
57.0 
62.3 
57.7 


po 
53.7 
58.8 
60.9 
57.7 
61.2 
59.9 
56.9 
59.0 
57.2 
55.1 
53.3 
52.3 
50.9 
51.2 
55.9 
50.2 
46.9 
51.9 
56.0 
56.3 
57.1 
52.9 
53.1 
47.1 
50.0 
51.1 
50.3 
56.1 
52.0 
56.8 
52.2 


47.9 
48.9 
55.1 
53.7 
58.5 
56.6 
52.2 
57.4 
52.6 
50.9 
48.1 
42.6 
45.0 
44.0 
52.0 
44.6 
41.8 
45.2 
52.4 
51.5 
54.5 
51.5 
50.1 
37.2 
44.9 
46.7 
42.6 
53.3 
48.5 
53.6 
48.4 


Perct. 
59.7 

39.9 

55.7 

67.3 

75.0 

71.4 

63.6 

84.9 

64.4 

67.3 

62.5 

43.9 

59.9 

54.1 

69.3 

62.0 

65.9 

60.0 

71.5 

63.3 

77.5 

87.6 

75.7 

46.0 

64.3 

68.0 

52.3 

76.3 

73.4 

73.1 

71.2 


61.62 


54.32 


49.43 


65.39 


61.9 


55.7 


F  o 
74.2 

75.2 

72.0 

70.0 

65.6 

66.2 

75.7 

72.8 

68.0 

67.8 

67.0 

67.7 

68.1 

64.2 

67.2 

67.8 

72.6 

73.0 

67.3 

69.0 

63.2 

64.2 

62.0 

68.1 

63.5 

71.8 

64.0 

73.0 

60.8 

75.3 

65.8 


P  o 
64.1 

59.0 

58.7 

59.2 

60.1 

58.7 

58.8 

61.0 

55.8 

57.6 

55.4 

58.0 

68.6 

53.7 

54.0 

53.0 

55.9 

54.3 

56.8 

67.9 

57.5 

55.2 

46.7 

49.2 

52.2 

55.8 

56.8 

58.0 

59.9 

55.7 

56.0 


po 
59.8 

49.2 
50.8 
53.1 
57.8 
54.5 
48.4 
54.6 
47.8 
51.8 
47.8 
52.3 
53.1 
46.4 
44.7 
42.3 
44.4 
40.1 
50.3 
51.2 
54.3 
49.4 
81.6 
37.2 
43.8 
44.8 
52.5 
48.6 
54.5 
41.4 
49.8 


Perct. 

59.7 

40.0 
47.3 
55.1 
74.2 
65.9 
38.2 
53.1 
48.6 
55.9 
50.2 
57.8 
58.8 
52.5 
44.3 
40.3 
36.5 
30.5 
54.5 
53.4 
72.5 
58.8 
31.8 
38.3 
48.9 
38.1 
66.1 
42.2 
58.2 
29.8 
56.4 


68.60 


56.56 


48.60 


50.25 


p  o 
53.6 
49.0 
53.0 
53.4 
57.9 
55.5 
50.3 
56.0 
50.2 
51.1 
48.0 
47.4 
49.1 
45.2 
48.3 
43.5 
43.1 
42.6 
51.4 
51.3 
54.4 
50.5 
40.8 
37.2 
44.3 
45.8 
47.5 
51.0 
51.5 
47.5 
49.1 

49.02 


68.0 


57.4 


51.2 
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METEOROLOGICAL  RECORD  FOR  AUGUST,  1900. 

1 

* 

f 

9 

1 
1 

a 
Is 

a 

a 

s 

h 

•S5 

Barometer,  Corrected  for  Tem- 
perature and  Instr  u  mental 
Rrror 

Terrestrial 
RadiaUon 

II 

7 
A.M. 

7 
P.M. 

Mean 

M 

i 

Pcrct. 

po 

Fo 

po 

po 

Int. 

Ins. 

Ins. 

po 

po 

59.7 

04.0 

48.8 

71.4 

45.» 

26.161 

26.040 

26.100 

39.1 

9.7 

39.9 

93.2 

62.5 

77.8 

30.7 

26.074 

24.999 

26.037 

59.1 

10.4 

51.5 

90.0 

53.0 

71.5 

37.0 

26.018 

24.946 

24.979 

46.2 

6.8 

61.2 

87.1 

52.9 

70.0 

34.2 

24.993 

24.950 

24.972 

46.2 

6.7 

74.6 

87.0 

56.0 

71.5 

a.o 

25.011 

24.988 

24.999 

48.7 

7.3 

68.7 

83.2 

54.2 

68.7 

29.0 

25.019 

24.994 

25.007 

48.3 

5.9 

50.9 

91.7 

47.3 

69.5 

44.4 

25.027 

24.982 

25.004 

41.6 

5.7 

09.0 

88.7 

54.2 

71.5 

34.5 

25.005 

24.940 

24.973 

48.6 

5.6 

56.5 

89.9 

50.0 

69.9 

39.9 

24.972 

24.963 

24.967 

44.1 

5.9 

61.6 

86.8 

49.0 

67.9 

37.8 

24.931 

24.897 

24.914 

43.3 

5.7 

56.3 

88.3 

46.1 

67.2 

42.2 

25.027 

24.942 

24.985 

39.7 

6.4 

50.9 

89.1 

46.4 

67.8 

42.7 

25.016 

25.000 

25.008 

38.2 

8.2 

59.3 

85.0 

47.5 

66.2 

37.5 

25.053 

24.978 

25.015 

38.8 

•     8.7 

53.3 

85.2 

45.8 

66.5 

39.4 

23.037 

24.940 

24.989 

39.3 

6.5 

56.8 

84.4 

49.9* 

67.2 

34.5 

25.042 

24.927 

24.984 

44.0 

5.9 

51.2 

87.7 

42.8 

65.2 

44.9 

25.042 

24.932 

24.987 

86.4 

6.4 

51.2 

86.6 

44.9 

65.8 

41.7 

24.978 

24.993 

24.986 

40.2 

4.7 

45.2 

87.3 

48.8 

68.0 

38.5 

24.918 

24.924 

24.921 

43.5 

5.3 

63.0 

87.0 

51.1 

69.1 

S6.9 

25.085 

25.059 

25.047 

44.6 

6.5 

58.4 

86.1 

55,5 

70.8 

30.6 

25.166 

23.121 

25.143 

48.1 

7.4 

75.0 

84.0 

50.4 

67.2 

33.6 

Sff.174 

25.087 

25.130 

47.4 

3.0 

73.2 

82.0 

46.8 

64.4 

85.2 

25.115 

24.959 

25.087 

43.8 

3.0 

53.7 

77.6 

45.1 

61.3 

32.5 

24.896 

24.834 

24.865 

41.7 

3.4 

42.2 

71.1 

49.1 

60.1 

M.O 

94.8SS 

24.906 

24.867 

44.1 

5.0 

56.6 

80.6 

41.8 

60.9 

39.4 

24.979 

24.936 

24.958 

36.5 

*•] 

53.0 

85.8 

43.1 

64.5 

42.7 

24.985 

24.975 

24.980 

38.8 

4.3 

59.2 

83.8 

47.0 

65.4 

36.8 

25.148 

26.107 

25.127 

41.8 

5.2 

59.3 

89.1 

49.1 

69.1 

40.0 

25.133 

24.996 

26.065 

44.7 

4.4 

65.8 

90.7 

52.0 

71.3 

38.7 

25.024 

24.895 

24.959 

45.5 

6.5 

51.4 

90.9 

53.0 

72.0 

37.9 

24.943 

24.906 

24.925 

46.5 

6.5 

63.8 

86.0 

50.7 

68.3 

36.3 

24.922 

24.888 

24.905 

44.3 

6.4 

57.82 

86.45 

49.49 

67.97 

36.96 

25.021 

24.968 

24.995 

43.42 

6.07 

63.8 

84.2 

61.1 

67.5 

38.5 

25.062 

> 

5.5- 
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TABLE  VIII— Concluded. 


HETEOBOLOGICAL  BECORD  FOB  AUGUST,  1000. 


Precipitation 

Direction 
of  Wind 

<w  B 

n 

Hi 

Actinomcter  at  Noon 

d 

Ob. 

•a 

a 

a     o 

ill 

< 

7  A. 

7  P. 

M 

1 
1 

Q 

a 

1 

« 

1 

Ins. 

Ins. 

Miles 

CO 

CO 

CO 

Cal. 

1 

— 







NE 

W 

120.5 

53.1 

40.8 

12.3 

927 

D 

2 



— 

NW 

N 

151.8 









3 

p 



T 



N 

NW 

153.4 









4 

10.00  P 

.01 



N 

NW 

103.3 

55.0 

42.0 

18.0 

9.87 

D 

5 

2.00P 



.02 



0 

SB 

$».5 









D 

6 







0 

B 

91.2 

83.1 

27.6 

5.5 

368 

7 







N 

S 

119.6 









D 

8 









0 

S 

98.6 

52.0 

38.2 

13.8 

10.22 

D 

9 

3.80P 



T 



n 

NE 

131.2 

482 

37.7 

10.5 

7.64 

D 

10 

1.30P 



T 



8- 

B 

103.4 

58.1 

42.7 

15.4 

1188 

D 

11 







NB 

W 

126.4 

52  4 

37.8 

14.6 

10.81 

12.. 





-_— 



N 

B 

138.9 









13 ! 







N 

0 

94.7 

41.6 

325 

9.1 

638 

D 

14 









0 

3 

181.7 

50.4 

37.1 

13  3 

9.75 

15 









N 

S 

97.1 

54.5 

^.8 

14.7 

11.06 

D 

16 





.... 

— 

SB 

SW 

126.9 

54.0 

39.6 

15.0 

11.27 

D 

17 





.... 



N 

N 

96.7 

43.5 

32.8 

10.7 

751 

18...: 









B 

NW 

101.8 

49.7 

38.2 

11.5 

8.44 

19 









SB 

S 

90.2 









20.. 

3.00P 
9.00P 

.... 

.09 
.04 

.... 

SB 
0 

SW 
8 

94.4 
113.4 

540 

40.1 

13.9 

10.45 

21 

22 . 









0 

NW 

101.3 

46.8 

36.3 

10.5 

7.56 

Rn 

23 







N 

NE 

207.2 

49.2 

32.6 

16.6 

11.90 

D 

24 









S 

NE 

100.0 







25 









0 

NW 

102.4 

50.0 

35.4 

14.6 

10.61 

D 

26 

6.40P 



T 



N 

W 

110.5 

.... 







D 

27 





.... 



N 

NW 

112.9 

51.6 

38.7 

12  9 

9.56 

D 

28 









NW 

SB 

94.7 









D 

29 







S 

S 

108.8 

55.1 

40.6 

145 

11.02 

80 









N 

NW 

116.0 









D 

31 

.... 

.... 

.... 

NW 

.... 

74.2 

.... 

.... 

.... 

.... 

D 

Means 

.... 

.... 

0.16 

.... 

.... 

.... 

113.1 

50.15 

37.89 

12.76 

941 

Normal 

.... 

1.24 

.... 

.... 

.... 

132.0 

....^ 

ligitkzec 

t>^G 

oo 

gk 
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METEOROLOGICAL  RECORD  FOR  SEPTEMBER.  1900. 


Temperature,  Dew  Point  and  Relative  Humidity. 


7  A.  M. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2H 

29 

30 

Means.. 

Normal 


60.0 
53.2 
55.8 
60.2 
55.9 
59.5 
61.3 
64.0 
60.0 
57.0 
58.4 
54.0 
55.2 
65.1 
52.2 
42.5 
45.5 
49.0 
47.5 
47.2 
43.6 
51.8 
47.3 
53  .'2 
43.2 
a5.8 
36.7 
34.8 
38.8 
40.5 


F° 
53.8 

46.1 

51.3 

57.0 

51.2 

52.0 

56.6 

58.1 

57.5 

55.9 

56.1 

51.2 

51.9 

45.3 

47.0 

40.0 

44.5 

43.1 

39.2 

39.3 

37.9 

42.1 

42.3 

48.8 

42.7 

35.2 

36.2 

34.3 

37.1 

38.2 


50.97       46.40 


51.8    I    46.1 


t 
Q 


po 

49.7 
39.9 
48.1 
55.2 
47.9 
46.7 
53.8 
54.8 
56.1 
55.2 
54.7 
49.3 
49.7 
21.8 
42.7 
37.5 
43.6 
37.4 
29.4 
30.1 
31.3 
31.7 
37.5 
45.4 
42.2 
34.5 
35.6 
33.7 
35.1 
35.7 


Per  ct. 
JS.8 

60.8 

75.6 

83.5 

74.6 

62.6 

76.5 

71.9 

87.0 

94.0 

87.7 

84.3 

81.7 

19.2 

70.4 

81.8 

93.5 

64.8 

49.7 

51.7 

62.3 

46.3 

69.2 

75.2 

96.5 

95.1 

96.0 

95.8 

87.2 

83.5 


7  P.M. 


42.21 


Q 


po 
71.2 
59.2 
73.7 
70.1 
65.9 
66.4 
70.8 
63.3 
62.5 
63.2 
62.3 
61.5 
63.9 
62.9 
60.0 
52.6 
55.1 
58.5 
60.9 
51.5 
60.1 
51.7 
62.0 
51.2 
41.8 
36.3 
38.9 
47.2 
52.9 
49.5 


74.91        58.24 


59.( 


po 
53.7 
52.0 
58.3 
55.3 
52.5 
57.2 
59.6 
60.2 
59.0 
59.0 
54.8 
54.7 
54.9 
46.9 
49.2 
48.0 
51.7 
40.0 
42.9 
43.8 
46.0 
45.7 
52.3 
46.0 
41.2 
36.0 
d6.8 
42.8 
46.0 
45.9 


49.75 


49.2 


04 
V 

a 

po 
40.3 
46.9 
48.8 
45.1 
42.4 
51.7 
58.8 

68.6 
57.1 
56.7 
50.0 
50.4 
49.1 
30.9 
40.3 
44.4 
49.4 

11. » 

id.9 

35.8 
31.9 
40.4 
45.3 
41.6 
40.6 
35.6 
35.5 
38.6 
40.0 
42.9 


42.49 


if 

«  a 

oi 


Per  ct. 
82.8 
63.7 
41.4 
40.8 
42.6 
59.1 
54.1 
84.7 
82.6 
79.4 
64.0 
66.8 
58.6 
30.2 
48.3 
73.9 
81.1 
15.8 
20.4 
56.4 
34.6 
65.8 
54.5 
70.0 
95.8 
97.6 
84.7 
72.7 
61.7 
78.4 


60.40 


giTizod  by  ^ 


a 

s 


po 
45.0 
43.4 
48.4 
50.2 
45.1 
49.2 
53.6 
66.7 
56.6 
55.9 
52.4 
49.8 
49.4 
26.4 
41.5 
40.9 
46.5 
24.3 
24.7 
32.9 
31.6 
36.1 
41.4 
43.5 
41.4 
35.0 
35.6 
36.1 
I  37.6 
39.3 


42.35 


41.3 


Qoog 
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TABLE  IX— Continued. 


METEOROLOGICAL  RECORD  FOR  SEPTEMBER,  1900. 


a  >» 


B 

H 

a 


6 

V 

H 

a 

9 

St 

a  9 


1- 


Barometer,  Corrected 
for  Temperature  and 
Instrumental  Brror 


7 
A.  M. 


7 
P.  M. 


Mean 


Terrcatrial 
Radiation 


li 


a 
o 
S 
at 

■S 

0 

po 
5.8 
7.6 
5.1 
6.5 
4.7 
6.5 
6.5 
6.7 
1.5 
7.2 
5.0 
5.5 
6.8 

184 
7.8 

-0.1 
5.5 
9.9 
7.5 
6.0 
6.9 
7.3 
5.7 
6.4 
3.6 
1.9 
0.8 
4.4 
4.7 
6.0 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25....... 

26 

27 

28 

29 

30 

Means.. 

Normal 


Per  ct. 
50.8 
62.2 
58.5 
62.2 
58.6 
60.8 
65.3 
78.3 
84.8 
86.7 
75.9 
75.5 
70.2 
24.7 
59.3 
77.9 
87.3 
40.0 
35.1 
54.0 
48.5 
56.0 
61.9 
72.6 
96.1 
96.3 
90.4 
84.2 
74.5 
80.9 


po 
87.2 
72.8 
85.3 
83.6 
84.7 
80.9 
87.2 
88. » 
81.4 
77.4 
73.7 
81.7 
84.5 
82.0 
73.0 
61.0 
70.0 
81.0 
70.1 
70.9 
70.0 
70.7 
81.9 
67.8 
48.8 
41.9 
47.7 
62.8 
73.6 
74.0 


po 
50.0 
45.7 
50.2 
51.7 
45.0 
47.0 
52.6 
53.5 
55.0 
54.0 
51.2 
47,0 
45.0 
55.7 
43.0 
42.1 
40.5 
40.1 
36.5 
34.7 
34.1 
35.2 
35.6 
47.0 
41.4 
34.1 
33.0 
«9.7 
32.6 
34.0 


po 
68.6 
50.2 
67.8 
67.6 
64.9 
63.9 
69.9 
70.9 
68.2 
65.7 
62.4 
64.4 
64.7 
68.9 
58.0 
51.5 
55.8 
60.5 
53.3 
52.8 
52.1 
52.9 
58.8 
57.4 
45.1 
38.0 
40.3 
46.3 
53.1 
54.0 


po 
37.2 
27.1 
35.1 
31.9 
39.7 
33.9 
34.6 
34.7 
26.4 
23.4 
22.5 
34.7 
39.5 
26.3 
30.0 
18.9 
29.5 
40.9 
33.6 
36.2 
35.9 
35.5 
46.8 
20.8 
7.4 
7.8 
14.7 
33.1 
41.0 
40.0 


Ins. 
24.928 

25.278 

25.123 

24.991 

25.173 

25.227 

25.084 

25.068 

25.069 

25.005 

25.126 

25.110 

25.002 

24.862 

25.181 

25.245 

25.065 

24.980 

25.107 

23.057 

25. (K7 

25.161 

24.817 

24.490 

24.892 

S5.295 

25.253 

25.157 

25.180 

25.090 


Int. 
24.964 

25.158 

24.969 

24.949 

25.140 

25.101 

25.049 

25.083 

24.^4 

24.978 

25.094 

24.995 

24.733 

24.923 

25.124 

25.134 

24.873 

24.969 

25.022 

25.024 

24.986 

25.020 

»4.469 

24.5P6 

25.100 

25.285 

25.148 

25.217 

25.048 

24.939 


Ins. 
24.946 

25.218 

25.041 

24.970 

25.156 

25.164 

25.067 

25.050 

25.022 

24.991 

25.110 

25.053 

24.867 

24.893 

25.152 

25.190 

24.969 

24.974 

25.065 

25.040 

25.022 

25.090 

24.643 

24.543 

24.996 

24.290 

25.201 

25.187 

25.114 

25.014 


po 
44.2 
38.1 
45.1 
45.2 
40.3 
40.5 
46.1 
46.8 
ft8.5 
46.8 
46.2 
41.5 
38.2 
42.8 
85.2 
42.2 
35.0 
30.2 
29.0 
28.7 
27.2 
27.9 
29.9 
40.6 
37.8 
32.2 
32.2 
M.8 
27.9 
28.0 


67.65 


73.86 


43.24 


58.55 


30.62 


25.070 


24.999 


25.035 


37.47 


6.77 


60.7        77.9        42.6        59.7 


35.5 


25.066 


5.8 


Googk 


Digitized  by 
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HETEOROLOOICAL  RECORD  FOR  SEPTEMBER,  1900. 


Precipitation 

Direction 
of  Wind 

2Su> 

Actinometer  at  Noon 

0 

» 

a     o 

III 
Til 

I 
II 

< 

7  A. 

7  P. 

5p: 

1 

s 

1 

1 

s 

1 

0 

1 

Ins. 

Ins. 

Miles 

CO 

c° 

CO 

Cal. 

T 

n 

W 

183.6 

56.4 

40.8 

15.6 

11.96 

D 

S 

SB 

116.1 

NW 

SB 

122.9 

52.5 

37.0 

15.5 

11.45 

D 

.01 

NW 

NW 

126.8 

9.00  P 

T 

NW 

.... 

134.7 
120.0 

Rn 

T 
.25 

N 

.... 

133.1 
94.1 

.22 

N 



105.4 



5.15  P 

8.00  P 

.16 

N 

N 

91.7 



T 

SB 

S 

111.1 

S 

SW 

96.5 

54.2 

37.4 

16.8 

12.51 

HD 



E 

s 

221.9 

51.6 

35.4 

16.2 

11.85 

D 

W 

NW 

174.6 

Taken 

out 

NB 

130.1 

Taken 

out 

• 

N 

NE 

85.3 

Taken 

out 



B 

NE 

149.5 

Taken 

out 



SB 

W 

253.4 

Taken 

out 

S 

W 

153.5 



LP 

NW 

NW 

108.6 



I*F 

N 

N 

99.4 



LP 

N 

N 

128.6 



I*P 

4.00  P 

T 

NW 

N 

101.9 

P 

11.00  P 

Int.PM 

.11 

E 

N 

122.2 

Rn 

.35 

SB 

B 

ia3.8 

Rn 

.54 

B 

B 

72.5 

Rn 

Abt8.  A 

.28 

SB 

N 

72.0 

Rn 

NW 

N 

107.7 

HvP 

0 

N 

89.6 

P 



SW 

NE 

98.9 

1.92 

..... 

=^^-^-" 

123.4 

j    53.68 

37.65 

16.03 

11.94 

.85 

.... 

1    139. 

r>  -.  ^ 



digitized  by  ^ 
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METEOROLOGICAL  RECORD  FOR  OCTOBER.  1900. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Means.. 

Normal 


Temperature,  Dew  Point  and  Relatire  Humidity 


7  A.M. 


43.1 
42.4 
42.0 
61.8 
43.2 
48.0 
30.8 
31.8 
31.2 
32.9 
37.2 
34.7 
40.2 
49.8 
56.6 
40.4 
35. R 
39.2 
39.8 
53.7 
47.0 
42.1 
40.1 
34.5 
35.0 
37.6 
40.0 
31.9 
31.2 
37.0 
15.0 

39.54 

38.4 


X 
^ 


F  ° 
39.8 

40.0 

40.1 

45.7 

38.8 

37.1 

29.2 

28.8 

29.0 

29.1 

32.0 

30.8 

36.6 

44.2 

48.1 

39.9 

^.0 

37.5 

37.5 

42.1 

34.0 

34.6 

34.2 

33.5 

83.0 

32.0 

35.9 

30.0 

30.3 

31.6 

15.0 

35.01 

34.0 


F  o 
36.4 
37.5 
38.1 
28.6 
33.9 
22.1 
26.9 
24.1 
25.7 
23.2 
24.5 
25.1 
32.4 
39.0 
41.1 
39.4 
34.4 
35.6 
35.0 
29.0 

11. a 

24.2 
26.3 
32.2 
30.4 
23.8 
31.0 
27.2 
29.0 
23.6 
15.0 

29.22 


«a  9 


Perct. 

77.7 

83.5 
86.8 
28.6 
70.4 
35.9 
85.0 
73.1 
79.6 
66.9 
59.9 
67.7 
74.1 
67.1 
56.1 
96.8 
95.8 
87.3 
83.2 
39.0 

28.4 
49.0 
57.7 
91.5 
83.2 
57.3 
70.4 
82.7 
91.5 
58.2 

100.0 

70.29 


7  P.M. 


po 
60.2 
55.8 
54.0 
57.3 
58.1 
45.0 
37.7 
43.0 
38.9 
42.2 
46.9 
53.2 
59.2 
61.6 
53.2 
43.8 
49.1 
46.1 
55.0 
42.0 
54.7 
44.8 
43.3 
40.0 
44.2 
52.2 
53.9 
50.0 
46.8 
30.0 
46.0 

48.65 

46.7 


n 


46.0 
45.0 
45.3 
46.0 
45.8 
33.2 
32.8 
36.6 
33.1 
35.2 
37.9 
44.0 
47.3 
48.8 
48.2 
42.0 
44.0 
41.2 
45.2 
37.9 
41.8 
36.8 
38.4 
35.8 
36.5 
41.0 
43.2 
43.1 
38.9 
28.1 
34.4 

40.44 

38.6 


F  ° 
31.8 
34.4 
37.2 
35.3 
33.9 
12.7 
26.0 
28.7 
25.0 
25.9 
32.1 
34.9 
36.5 
37.7 

44.8 

• 
4U.3 

39.3 

36.3 

35.8 

33.3 

26.6 

26.5 

32.9 

30.7 

26.6 

27.9 

32.0 

36.3 

29.6 

25.2 

15.8 

31.34 

igttized-b|' 


Perct. 
34.3 

44.8 

53.3 

44.0 

40.1 

26.8 

62.7 

57.2 

57.2 

52.3 

56.7 

50.2 

42.9 

41.2 

71.9 

87.9 

69.6 

69.0 

48.8 

71.8 

34.1 

48.7 

67.2 

69.7 

50.0 

89.4 

43.5 

59.7 

51.5 

81.8 

29.4 

53.47 


F  o 
34. 1 

35.9 

37.7 

31.9 

33.9 

17.4 

26.5 

26.4 

25.3 

24.6 

28.3 

30.0 

34.4 

38.4 

42.7 

39.8 

36.9 

35.9 

35.4 

31.2 

18.9 

25.3 

29.6 

31.5 

28.5 

25.8 

31.5 

31.8 

29.3 

24.1 

15.4 

90.28 


Gq«J)^1 


e 
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METEOROLOGICAL  RECORD  FOR  OCTOBER.  1900. 

1 

i 

1 
i 

c  s 

1 

a 

1 

a 

0 

Barometer,  Corrected  ior  Tem- 
perature and  Instru  mental 
Srror 

Terrestrial 
Radiation 

Pi 

a  K 

!1 

r 

7 
A.M. 

7 
P.M. 

Mean 

If 

j 

Per  ct. 

po 

po 

po 

po 

4na. 

Ina. 

Ina. 

po 

po 

66.0 

76.1 

36.0 

56.0 

40.1 

24.867 

24.858 

24.862 

30.0 

6.0 

64.1 

77.0 

35.5 

56.3 

41.5 

24.976 

24.930 

24.953 

29.2 

6.3 

70.1 

77.0 

35.5 

56.2 

41.5 

25.045 

24.967 

25.006 

30.1 

5.4 

36.3 

88.0 

39.2 

61.1 

43.8 

24.976 

24.896 

24.936 

82.7 

6.5 

55.2 

79.0 

35.0 

57.0 

44.0 

24.816 

24.645 

24.746 

29.1 

5.9 

31.4 

55.2 

38.4 

46.8 

16.8 

24.901 

25.164 

25.082 

28.7 

9.7 

73.8 

58.0 

23.7 

40.9 

34.3 

25.309 

25.289 

25.299 

17.2 

6.5 

66.2 

67,6 

25.0 

46.3 

42.6 

86. 361 

25.330 

25.341 

17.1 

7.9 

68.4 

69.8 

24.0 

46.9 

45.8 

25.318 

25.112 

25.215 

21.8 

,2.2 

59.6 

71.8 

25.0 

48.4 

46.8 

25.061 

24.963 

25.007 

17.3 

7.7 

58.3 

76.0 

28.7 

52.3 

47.8 

25.028 

25.008 

25.018 

20.7 

8.0 

58.9 

74.7 

27.0 

50.9 

47.7 

25.03& 

24.925 

24.080 

20.1 

6.9 

58.5 

74.0 

34.0 

54.0 

40.0 

24.959 

24.966 

24.962 

26.1 

7.9 

54.2 

72.8 

43.0 

57.9 

29.8 

25.053 

25.074 

25.063 

36.2 

6.8 

64.0 

60.3 

50.2 

55.2 

10.1 

25.201 

25.339 

S.270 

44.8 

5.9 

02.1 

65.5 

37.0 

51.3 

28.5 

25.341 

25.254 

25.298 

30.6 

6.4 

82.7 

72.9 

32.1 

52.5 

40.8 

25.-230 

25.150 

25.190 

25.3 

6.8 

78.1 

72.9 

33.8 

53.3 

39.1 

25.152 

25.053 

25.102 

24.8 

9.0 

66.0 

72.0 

32.2 

52.1 

39.8 

24.925 

24.721    . 

24.823 

29.0 

3.2 

55.4 

58.6 

45.6 

52.1 

13.0 

84.486 

24.685 

24.586 

43.8 

1.8 

28.8 

61.5 

38.5 

50.0 

23.0 

24.886 

24.892 

24.889 

26.7 

11.8 

48.8 

75.1 

85.5 

55.3 

39.6 

24.885 

24.862 

24.873 

36.8 

-1.8 

62.5 

61.9 

35.3 

48.6 

26.6 

25.010 

25.128 

25.069 

29.1 

6.2 

80.6 

62.0 

32.3 

47.2 

29.7 

25.049 

24.924 

24.987 

27.1 

5.2 

66.6 

59.1 

31.5 

45.3 

27.6 

25.117 

•25.154 

25.135 

25.4 

6.1 

48.3 

72.0 

27.6 

49.8 

44.4 

25.091 

25.069 

25.075 

21.5 

6.1 

57.0 

68.9 

35.5 

52.2 

33.4 

25.068 

25.038 

25.053 

29.8 

5.7 

71.2 

65.0 

26.4 

45.7 

38.6 

25.066 

24.892 

24.979 

20.2 

6.2 

71.5 

62.0 

29.6 

45.8 

32.4 

24.756 

24.749 

24.753 

23.3 

6.3    1 

70.0 

42.1 

32.0 

37.0 

10.1 

24.918 

25.010 

24.964 

31.8 

0.2 

64.7 

51.9 

18.6 

32.2 

39.4 

25.022 

24.966 

24.994 

6.8 

6.3 

61.88 

67.60 

32.83 

50.21 

34.78 

25.030 

23.000 

25.015 

26.84 

6.99 

64.0 

64.7 

32.3 

47.8 

32.6 

2).028 

6.0 

*  From  Registering  Aneroid  Barometer. 
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METEOROLOGICAL  RECORD  FOR  OCTOBER,  1900. 


Precipitation 

Direction 
of  Wind 

IS- 

Actinometer  at  Noon 

a 

1' 

i 

•s 
SI 

hi 

1. 

V  O 

5' 

7  A. 

7  P. 

1 

1 

a 

1 

1 
i 

1 

Ins. 

Ins. 

i 

Miles  "   C® 

C° 

CO 

Cal. 



.... 

— 



0 

NW  1 

129.6 

33.4 

25.7 

7.7 

5.06 

F 









NW 

NW 

106.2 









F 

s 









NB 

N 

144.5  1 

49.6 

330 

16  6 

11.94 

F 









S 

SW 

173.8 

52.1 

36.1 

16.0 

11.76 









NW 

NW 

313.2 

513 

35.2 

16.1 

11.75 

F 









W 

NW 

303.8  ,;44.6 

25.1 

19.5 

13.35 









N 

NB 

97.1       .... 







HvF 



— 



SW 

NW 

82.3     45.1 

26.7 

18.4 

12.70 

HvF 

9 ^ 







NW 

NW 

109.5  '    .... 







F 

10 









NW 

NW 

93.6      47.7 

30.6 

17.1 

1210 

F 

11 









SB 

SW 

101.3  1   50.5 

37.3 

13.2 

9.0D 

F 

12 









NW 

NW 

90.5  ;   49.1 
95.1    Ul.O 

32.2 

16.9 

12.09 

F 

13 









NW 

N 

28.2 

12.8 

8.74 

14 

nt 



T 



SB 

NB  1 

122.3  1    .... 







15 

7.10  P 

nt 

.15* 



N 

B 

111.9         13.5 

11.1 

2.4 

1.38 

16 





.09 



N 

NW 

1     110.9  ^    .... 







17 









1  NW 

NB 

90.6  '    .... 





18 







S 

N 

.     105.3    1  .... 





19 









NB 

NB 

'     121.5    1   .... 







20 





N 

""    i 

362.7    I  .... 







21 









NW 

N    \ 

j    341.3      .... 





22 









SB 

NW  j 

117.1      48.6 

32.0 

16.6 

11.85 

F 

23 .. 









N 

s   1 

1  143.4  r  .... 

1 







24 









SW 

W    , 

!     14H.5       .... 









25 





SW 

N    ! 

1    134  0;'   .... 

.... 

26 _.. 









.     N 

E  1 

133.6  ,    .... 





.... 

27 





....  1 

SW 

raw  , 

119.9  1    .... 



— 

28 





... 

1  NW 

NW  1 

151.3       .... 



— 

29 





NW 

NW 

204.5    |.... 





30 









SB 

0 

158.0      .... 

.... 

31 

.... 

.— 

NW 

W 

136.5    ,  .... 

Means 

.... 

.... 

0.24 

....  1 

150.2      43.88 

29.43 

14.44 

10.20 

Normal 

.... 

.... 

0.96 

....  1 



■-' 

175.     ' 

.... 

g4t4zed 

byQoO; 

k 

•  Rainfall  also  10.00  A.  M.  ot  12:15  P.  M.,  15th. 
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METEOBOLOGICAL  BECOBD  FOR  NOVEMBER,  1900. 


Temperature,  Dew  Point  and  Relative  Humidity 


P3 


11 


I  P.  M. 


n 
Q 


in 

«  3 

T/X 


a 

s 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll...f... 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 . 

Means  . 

Normal 


po 
26.8 
29.0 
52.5 
32.5 
24.9 
31.2 
33.0 
25.5 
32.3 
22.6 
16.2 
20.3 
33.3 
18.3 
27.1 
30.6 
29.0 
11.0 
17.8 
14.8 
17.6 
52.8 
30.8 
32.7 
22.2 
30.8 
35.9 
22.2 
14.9 
11.4 


26.67 


po 
24.0 
26.1 
38.0 
268 
21.5 
25.7 
27.2 
23.9 
29.3 
20.8 
14.0 
17.1 
26.8 
17.8 
26.0 
29.2. 
26.5 
10.9 
17.3 
14.8 
16.9 
39.2 
28.1 
23.7 
20.8 
27.8 
32.0 
20.4 
14.0 
10.8 

23.25 


25.4        22.6 


po 

Pcrct. 

18.8 

71.0 

21.0 

71.9 

16.7 

84.0 

16.3 

50.3 

14.3 

63.3 

15.0 

50.4 

16.7 

50.1 

21.0 

82.6 

24.7 

73.5 

17.2 

78.9 

7.8 

60.4 

8.7 

60.4 

14.3 

44.9 

16.7 

93.4 

24.2 

88.5 

27.2 

86.7 

22.3 

75.6 

10.6 

98.3 

16.2 

93.4 

14.8 

100.0 

15.3 

90.6 

20.8 

28.6 

23.9 

75.0 

-0.4 

24.0 

18.0 

83.5 

22.9 

72.4 

26.5 

68.8 

16.7 

78.6 

11.4 

86.9 

9.0 

90.2 

16.93 

70.84 

po 
42.0 
43.0 
43.8 
42.0 
46.0 
46.8 
34.7 
27.0 
42.3 
32.3 
33.5 
58.8 
33.9 
44.2 
30.8 
37.8 
32.0 
22.9 
21.0 
14.8 
53.9 
35.0 
42.0 
27.2 
28.9 
34.2 
35.7 
23.2 
38.8 
28.8 


po 
34.1 
36.1 
34.0 
32.0 
33.8 
34.2 
29.8 
24.7 
33.9 
24.7 
25.0 
43.2 
28.6 
34.3 
29.6 
31.7 
28.1 
20.8 
19.0 
14.2 
39.1 
31.0 
32.7 
24.0 
22.9 
29.0 
31.2 
21.2 
28.8 
22.5 


po 
22.7 
27.3 
19.0 
14.9 
13.0 
12.8 
22.1 
20.5 
21.6 
7.4 
4.9 
24.9 
19.7 
19.3 
27.0 
22.6 
21.7 
16.5 
14.5 
12.6 
18.2 
25.2 
17.9 
17.9 
9.1 
20.4 
24.7 
17.2 
8.4 
7.5 


Perct. 
46.8 
53.8 
36.7 
33.0 
26.1 
25.2 
59.5 
76.2 
43.4 
34.4 
29.4 
27.1 
55.4 
36.6 
88.6 
53.8 
65.3 
75.7 
75.6 
91.1 
24.5 
67.2 
37.3 
67.6 
43.1 
56.5 
63.8 
77.0 
27.8 
39.7 


35.91       29.14 


17.75 


51.26 


33.8    I    28.2 


£iate 


zojjby  vjO: 


po 
20.7 
24.2 
17.8 
15.6 
13.7 
13.9 
19.4 
20.7 
23.2 
12.3 

6.3 
16.8 
17.0 
18.0 
26.1 
24.9 
22.0 
13.5 
15.4 
13.7 
16.7 
23.0 
20.9 

8.8 
13.5 
21.7 
25.6 
16.9 

9.9 

8.3 

17.35 
18.1 
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TABLE  XI— Continued. 


METEOROLOGICAL  RECORD  FOR  NOVEMBER,  1900. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Means.. 

Normal 


Perct. 
58.6 

62.9 

30.3 

41.7 

44.7 

37.8 

54.8 

79.4 

58.4 

56.7 

49.4 

43.7 

50.2 

66.0 

88.5 

70.3 

70.4 

87.0 

84.5 

95.6 

57.5 

47.9 

56.2 

45.8 

63.3 

64.4 

66.3 

77.8 

57.4 

64.9 


61.05 


67.5 


a 
it 

H 

a 


po 
52.6 
63.0 
72.2 
65.4 
65.2 
69.8 
64.0 
41.6 
61.3 
52.1 
60.7 
74.0 
49.7 
61.1 
32.9 
62.9 
53.0 
32.0 
26.9 
19.0 
58.0 
56.0 
49.0 
45.7 
50.2 
50.9 
43.0 
49.7 
57.4 
54.2 


53.12 


50.6 


e 

& 

a 
{^ 
a 

9 

Is 
is- 


po 
21.2 
25.5 
28.9 
30.6 
21.2 
27.5 
33.1 
23.4 
16.9 
20.7 
13.2 
17.9 
32.0 
17.0 
21.6 
25.6 
30.3 
10.3 
15.9 
13.0 

8.7 
35.0 
27.8 
26.0 
13.0 
24.0 
29.5 
13.3 
13.2 
12.4 


21.62 


20.9 


po 
36.9 
44.2 
50.6 
48.0 
43.2 
48.6 
48.6 
32.5 
39.1 
36.4 
86.9 
46.0 
40.8 
39.1 
27.2 
44.3 
41.6 
21.2 
21.4 
16.0 
33.3 
45.5 
38.4 
^.9 
31.6 
37.4 
36.3 
31.5 
35.3 
33.3 


37.37 


35.0 


13 

i 


po 
31.4 
37.6 
43.3 
34.8 
44.0 
42.3 
30.9 
18.2 
44.4 
31.4 
47.5 
66.1 
17.7 
44.1 
11.3 
37.3 
22.7 
21.7 
11.0 

8.0 
49.3 
21.0 
21.2 
19.7 
37.2 
26.9 
13.5 
36.4 
44.2 
41.8 

31.39 

30.2 


Barometer,  Corrected 
for  Temperature  and 
Instrumental  Brror 


7 
A.  M. 


Ins. 
25.091 

25.^2 

25.235 

25.176 

23.184 

25.173 

25.136 

25.076 

25.213 

23.334 

25.330 

25.208 

25.129 

24.848 

25.108 

24.928 

24.705 

24.795 

24.640 

24.156 

24.652 

24.739 

24.949 

25.238 

25.142 

25.019 

25.122 

K.175 

25.143 

25.237 


7 
P.M. 


Ins. 
25.127 
25.269 
25.143 
25.151 
25.104 
25.062 
25.087 
25.115 
25.203 
86.S92 
25.216 
25.094 
25.023 
24.994 
24.973 
24.860 
24.822 
24.636 
24.729 
24.719 
84.616 
24.986 
24.958 
25.297 
25.067 
25.000 
25.196 
25.145 
25.206 
25.064 


25.058     25.038 


Mean 


Ins. 
25.109 

25.260 

25.189 

25.164 

25.144 

25.117 

25.112 

2>.096 

25.208 

25.363 

25.273 

25.151 

25.076 

24.921 

25.041 

24.894 

24.763 

24.716 

24.684 

24.738 

24.583 

24.863 

24.953 

25.268 

25.104 

25.010 

25.159 

25.160 

25.174 

25.151 


25.048 


25.005 


Terrestrial 
Radiation 


o  bs 


po 
12.1 
20.0 
22.2 
24.5 
15.0 
18.8 
22.8 
16.6 
10.6 
13.5 

6.2 
10.6 
23.0 
11.8 
14.2 
21.6 
24.4 

6.0 
12.1 
13.0 

6.8 
S1.8 
23.7 
25.8 

5.7 
17.7 
22.2 

7.0 

7.4 

5.6 


15.68 


po 
9.1 
5.5 
6.7 
6.1 
6.2 
8.7 
10. S 
6.8 
6.3 
7.2 
1.0 
7.3 
9.0 
5.2 
7.4 
4.0 
5.9 
4.3 
3.8 
00 
3.5 
3.8 
4.1 
0.2 
7.3 
6.3 
7.8 
6.3 
5.8 
6.8 


5.94 


6.0 
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HETEOBOLOOICAL  RECORD  FOB  NOVEMBER,  1900. 


Precipitation 

Direction 
of  Wind 

5? 

Actinomcter  at  Noon 

i 

H 

SI 
p 

PI 

I 

< 

7A. 

7  P. 

si 

BO 

sea 

o  *  t* 

1 

CB 

n 

1 

1 

a 
t 

i 

0 

m 

J 

1 

Ins. 

Ins.    1 

Miles - 

CO 

CO 

CO 

Cal. 

SE 

0 

133.1 

W 

NB 

113.8 

NW 



123.8 

B 

N 

130.9 

N 

NB 

154.8 

W 

W 

215.7 

1 

sw 

SW 

170.8 

1 

w 

NW 

84.5 

19.4 

9.5 

9.9 

6.79 

' 

NW 

W 

137.1 

43.5 

26.1 

17.4 

11.95 

p 

- 

1 

SW 

W 

211.0 

40.1 

22.0 

18.1 

12.03 



1 

NW 

NW 

101.8 



1 

W 

NW 

219.2 

48.0 

30.9 

17.1 

12.13 

1 

S 

S 

190.0 



N 

NW 

132.7 

41.8 

24.0 

17.8 

12.00 

F 

, 

K 

W 

09.3 

8.3 

2.5 

5.8 

3.17 

1 

SW 

NW 

133.3 

45.0 

27.8 

17.2 

11.91 



S 

NB 

136.5 

9H)0A 

T 

SB 

SW 

75.1 

655  P 

T 

1 

SB 

B 

199.9 

19.4 

16.0 

3.4 

2.03 

nt 

900  A 

.07 

iy.\ 

B 

SB 

100.1 

14.4 

0.0 

14.4 

7.97 

Sn 

SB 

NW 

SW 

SB 

455.9 
155.5 

19.6 
33.0 

7.6 
18.1 

12.0 
14.9 

6.98 
9.49 

F 

PM 

T 

1 

0 

NW 

296.7 

19.4 

11.3 

8.1 

4.77 

i 

WNV 

S 

183.9 

35.4 

16.6 

18.8 

12.03. 

1 

N 

NW 

87.8 









1 

W 

N 

106.1 

9.9 

6.8 

3.1 

1.73 

7«0P 

T 

N 

SW 

172.4 

17.2 

10.0 

7.2 

4.19 



1 

NW 

NW 

108.6 

37.2 

24.0 

13.2 

8.74 

F 

1 

SB 

SE 

114.0 

F 

- 

'"i7' 

0 

NW 

181.2 

F 

0.07 

.... 

.... 

156.5 

28.23 

15.82 

12.40 

7.93 

0.40 

1 

.... 

j  184.0 

-C^rsc 

rt^l-P" 

^ 

^itiz6cl  "Dy 

VJV_^V, 

M^ 
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TABLE  XII. 

METEOROLOGICAL  RECORD  FOR  DECEMBER.  1900. 


Temperature,  Dew  Point  and  Relative  Humidity 

a 

7A 

.  M. 

7  P.M. 

1 

1 

• 

J3 

1 

i 

X 

** 

s 

a 

£ 
1 

ll 

po 

po 

po 

Perct. 

po 

po 

po 

Perct. 

po 

1 

39.0 

29.9 

13.1 

34.2 

40.3 

30.8 

13.7 

33.6 

13.4 

2 

2S.1 

25.1 

19  6 

70.3 

30.1 

27.1 

22.0 

71.9 

ao.8 

3 

19.6 

17.6 

12.7 

74.7 

41.9 

82.0 

15.1 

33.5 

13.9 

4 

25. 0 

22.9 

18.9 

77.0 

42.0 

34.3 

234 

47.6 

21.1 

5 

35.7 
25.9 

30.4 
24.1 

22.2 
20.8 

57.5 

80.8 

37.8 
41.3 

32.9 

• 

35.2 

26.1 
27. S 

62.8 
67.5 

24.2 

24.0 

6 

7 

21.0 

20.8 

20.4 

97.6 

29.3 

24.9 

16.9 

59.2 

18.7 

8...... 

18.8 

17.7 

15.1 

85.7 

35.0 

28.0 

15.2 

43.5 

15.1 

9 

18.8 

18.8 

18.8 

100.0 

21.0 

19.8 

17.3 

85.4 

18.1 

10 

11.8 

11.2 

9.5 

90.3 

23.3 

20.9 

16.0 

72.6 

12.7 

11 

12.2 

11.9 

11.0 

95.2 

26.8 

23.9 

18.4 

70.1 

14.7 

12 

22.2 

18.1 

7.4 

52.2 

34.0 

25.2 

4.2 

22.0 

5.8 

13 

16  4 
10.1 

14.4 
8.0 

8.8 
0.0 

72.3 
64.5 

33.0 
21.2 

25.0 
17.9 

6.8 
9.4 

32.5 
60.1 

7.8 

4.7 

14 

15 

23.1 

19.6 

11.3 

60.2 

40.9 

309 

12.7 

31.8 

12.0 

16 

23.1 
29.7 
4M 
12.0 
19.3 

20.2 
22.9 
80.9 
11.0 
17.1 

13.8 
6.6 

12.1 
7.8 

11.5 

66.7 
37  0 
30.4 
84.0 
71.9 

34  J 
31.2 
28.1 
31.0 
46.1 

26.0 
23.0 
21.8 
24.0 
34.1 

6.4 
1.0 
6.2 
8.1 
14.1 

30.0 
27.6 
39.1 
37.2 
27.4 

10.1 
3.8 
9.2 
7.9 

12.8 

17 

18 

19... 

20 

21 

41.1 

31.9 

16.6 

36.7 

41.1 

30.4 

9.7 

27.2 

18.2 

22 

34.0 

25.0 

2.9 

26.5 

32.0 

23.4 

0.6 

25.9 

1.7 

23 

23.9 

19.2 

7.2 

48.2 

30.3 

26.2 

18.8 

62.0 

13.0 

24...... 

14.8 

11.3 

-1.0 

49.6 

30.9 

27.5 

21.8 

68.7 

10.4 

25 

27.0 

24.7 

20.5 

76.3 

26.4 

22.6 

14.8 

60.9 

17.7 

26 

15.9 
26.2 
-0.8 
3.2 
11.3 

14.6 
23.9 
-0.8 
2.4 
11.0 

11.1 
19.6 
-0.8 
-1.0 
10.1 

81.6 
75.7 
100.0 
82.4 
95.1 

32.0 

20.2 

9.7 

30.1 

-7.6 

25.8 
17.9 

8.2 
St. 3 

-8.1 

13.4 
12.3 
0.3 
12.0 
-11.3 

42.5 
71.4 
74.2 
46.4 
82.5 

12.2 
16.0 

-0.2 
5.5 

-0.6 

27 

28 

29 

30 

31 

-21.8 

-21.8 

-21.8 

100. 0    j 
70.15  1 

-19.0 

i    28.87 

—19.0 

-19.0 

100.0 

-20.4 

Means 

20.25 

17.23 

10.48 

23.13 

11.41 

51.83 

10.94 

Normal 

20.1 

17.6 



27.1 
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METEOBOLOQICAL  RECORD  FOR  DECEMBER,  1900. 

V 

> 

5 

1 

S 

h 
1- 

i 

s 

V 

& 

9 

St 

a  a 

i 

a 

Barometer,  Corrected  for  Tem- 
perature and  Inatr  u  m  e  n  t  a  1 
Error 

Terrestrial 
Radiation 

1= 

i 
8,       l|       A.M. 

1  ii 

7 
P.  M. 

Mean 

1° 

1 
Radiation 

Pcrct. 

po 

po 

po 

po 

Ins. 

Ins. 

Ins. 

po 

po 

33.9 

49.4 

24.7 

37.0 

24.7 

24.996 

25.106 

25.051 

17.9 

6.8- 

71.1 

40.8 

24.5 

32.7 

16.3 

25.233 

25.224 

23.228 

15.3 

9.2 

54.1 

48.8 

7.0 

27.9 

41.8 

25.131 

25.131 

25.131 

1.6 

5.4 

62.3 

50.0 

22.7 

36.3 

27.3 

25.116 

25.135 

25.126 

17.2 

5.5 

60.1 

52.0 

27.3 

39.7 

24.7 

25.132 

25.205 

2J.168 

22.0 

5.3 

69.2 

58.8 

22.7 

40.5 

35.6 

25.155 

25.258 

25.207 

17.7 

1 

5.0 

78.4 

59.3 

21.2 

40.2 

38.1 

25.267 

25.164 

25.215 

15.7 

.    5.5 

64.6 

69.9 

18.8 

40.9 

44.1 

25.175 

S5.296 

25.236 

12.1 

6.7 

92.7 

48.0 

15.3 

31.6 

32.7 

25.234 

25.062 

25.148 

8.2 

7.1 

81.4 

50.8 

13.3 

32.1 

37.5 

25.137 

25.166 

25.151 

7.2 

6.1 

82.7 

53.8 

10.0 

31.9 

43.8 

25.128 

24.968 

25.047 

4.0 

6.0 

37.1 

53.3 

15.7 

34.5 

37.6 

24.992 

24.974 

24.983 

9.2 

6.5 

52.4 

46.0 

15.0 

30.5 

31.0 

24.959 

23.021 

24.990 

8.1 

6.9 

62.3 

51.9 

13.0 

32.4 

38.9 

25.113 

25.013 

25.079 

5.0 

8.0 

45.5 

59.3 

12.0 

35.7 

47.8 

24.967 

25.095 

25.031 

11.0 

I'.O 

48.3 

57.0 

19.2 

38.1 

37.8 

25.057 

24.979 

25.018 

13.2 

4.0 

32.3 

67.1 

23.6 

40.3 

33.5 

24.993 

25.107 

25.050 

16.5 

7.1 

34.8 

45.0 

27.4 

36.2 

17.6 

25.114 

25.288 

25.201 

21.9 

5.5 

60.6 

50.1 

13.1 

31.6 

37.0 

25.287 

25.199 

25.243 

7.2 

5.9 

49.6 

60.0 

19.5 

39.8 

40.5 

25.105 

24.800 

24.952 

13.4 

6.1 

32.0' 

59.0 

34.0 

46.5 

25.0 

24.572 

24.516 

24.544 

i26.3 

7.7 

26.2 

38.3 

31.4 

34.8 

6.9 

24.674 

24.863 

24.769 

81.2 

0.2 

55.1 

37.1 

23.6 

30.4 

13.5 

25.001 

25.034 

25.017 

19.2 

4.4 

59.1 

43.8 

14.9 

29.3 

28.9 

25.009 

24.922 

24.966 

6.6 

8.3 

68.6 

40.8 

24.5 

32.7 

16.3 

25.062 

24.958 

25.006 

17.3 

7.2 

62.1 

48.0 

13.3 

30.6 

34.7 

24.832 

24.824 

24.828 

8.3 

5.0 

73.5 

33.2 

19.4 

26.3 

13.8 

25.075 

25.278 

25.176 

12.9 

6.5 

87.1 

32.5 

-3.3 

14.6 

36.8 

25.237 

25.012 

25.135 

-9.6 

6.3 

64.4 

47.8 

1.1 

24.5 

"46.7 

24.737 

J84.511 

24.624 

-5.7 

6.8 

88.8 

•25.5 

-7.0 

9.2 

32.5 

24.768 

24.901 

24.834 

-20.4 

18.4 

100.0 

5.7 

—Z2.0 

-8.0 

27.7 

24.951 
25.039 

25.022 

24.987 

-30. 6 

8.6 

60.99 

47.27 

16.00 

31.64 

31.28 

25.034 

25.037 

9/74 

6.26 

_ 

__ 

_   — : — ■ .-^ 

-. 



— f^ 

iaf^iljJ: 

69.8 

44.1 

15.3 

29.3 

28.8  '  1 

I:.-"!:":.. 
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24.975 
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METEOROLOGICAL  RECORD  FOR  DECEMBER.  1900. 


Precipitation 

Direction 
of  Wind 

5? 

Actinometer  at  Noon 

a 
1-5 

H 

o 

.§.2 
H 

i-g-5. 

pi 

1 

< 

7  A. 

7  P. 

sea 

n 

a 
& 

1 

n 

C 
• 

•s 

1 

o 

Ins. 

Ins. 

1 

Miles 

CO 

CO 

CO 

Cal. 

1 







— 

NW 

NW  1 

353.2 

36.2 

19.8 

16.4 

10  65 

2 





— 

— 

sw 

N 

1U.3 









I*P 

S -. 





— 

— 

B 

NW 

113.0 

17  6 

9.2 

84 

4.87 

4 









W 

S 

112.0 

20.6 

15.0 

56 

3.36 

6 









B 

N 

195.3 

30.7 

17  8 

12.9 

814 

6 









NB 

0 

198.2 

28.5 

193 

9.2 

5.79 

F 

7 









N 

w 

100.6 

40.5 

22.9 

17.6 

1176 

F 

8 







NW 

w 

121.7 

42.7 

^.6 

17.1 

11.64 

9 





— 

.... 

B 

SW 

80.7 







F 

10 







...*. 

SW 

0 

135.8 

36.5 

19.0 

17.5 

11.34 

F 

11 







S 

NW 

120.5 

38.0 

19.8 

18  2 

1190 

P 

12 







— 

S 

NW 

143.0 

39.2 

215 

17.7 

11.63 



13 







— 

W 

W 

103.2 







U 









N 

N 

96.5 

37.4 

19  0 

18.4 

1197 

15 









W 

W 

187.1 

245 

15.5 

9.0 

5.49 

16 







— 

NB 

W 

115.2 









F 

17 





— 

W 

S 

196.9 

41.8 

19.6 

222 

14.73 



18 







.1.. 

NW 

N 

273.3 

33.9 

17.0 

16  9 

10.76 

19 







— 

S 

N 

111.6 

37.2 

19  0 

18.2 

11.83 

20 







..-, 

w 

NB 

131.6 

40.2 

22.6 

17.6 

11.73 

21 







— 

SB 

NW 

583.8 

42.0 

24  2 

17.8 

12.02 

22 







— 

NW 

NW 

423.4 

18.3 

8.1 

10.2 

5.91 

23 



, 



— 

NW 

NW 

319.9 









24 







— 

SW 

NW 

182.9 

330 

155 

17.5 

11.04 

25 









NB 

S 

222.4 









28 

nt 

nt 

T 

T 

NW 

N 

NB 
N 

254.9 
186.0 

37.5 
31.6 

19.0 
11.7 

18.5 
19.9 

12.04 
12.31 

27 

Sn 

28 







NW 

NW 

92.0 

29.7 

99 

19  8 

12.06 

F 

29 









SW 

NW 

174.5 

338 

16.0 

17.8 

11.29 

F 

30             ... 

ntint 

ind'y 

0.11 

1.8 

N 
NW 

0 
N 

162.2 
79.8 

29.5 

1.8 

27.7 

16.38 

Sn 

81 

F 

Meant 

.... 

.... 

0.11 

1.8 

.... 

184.4 

33.37 

17.03 

16.34 

10.44 

Normal 

.... 

.... 

0.31 

.... 

1.... 
1 

.... 

188.0 

....Di 

3itize.Gl 

[yi. 

.... 
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TABLE  XX. 


WEEKLY  MEANS  OF  SOIL  TEMPERATURES,  SET  A,  IN  AN   IRRIGATED  PLAT 
NEAIS  THE  COLLEGE  BUILDING.    (In  Degrees  Fahrenheit.) 

FOR  1900. 


WEEK 

DEPTH 

WEEK 

ENDING 

DEPTH 

ENDING 

Sin. 

6  in. 

1ft. 

2  ft. 

3  ft. 

3in^ 

6  in. 

1ft. 

2  ft. 

3  ft. 

Jan.    6 

30.0 

31.2 

32.3 

35.8 

39.3 

July  14 

72.9 

72.5 

71.4 

68.6 

66.5 

Jan.  18 

29.7 

30.9 

32.0 

35.3 

38.7 

Ju»y  21 

70.5 

70.7 

703 

68.7 

m.2 

Jan.  20 

31.5 

31.9 

32.7 

35.4 

38.4 

July  28 

70.2 

70.2 

69.7 

67.9 

66. 

Jan.  27 

30.0 

31.4 

32.6 

35.5 

38.4 

Aug.    4 

71.6 

713 

70.6 

683 

67.0 

Feb.   3 

29.6 

30.5 

31.5 

34.7 

37.8 

Aug.  11 

710 

70.8 

70.2 

68.5 

67.4 

Feb.  10 

29.4 

30.6 

31.6 

34.5 

37.4 

Aug.  18 

69.0 

093 

68.9 

67.9 

67.2 

Feb.  17 

28.6 

29.6 

31.0 

34.2 

37.2 

Aug.  25 

67.7 

68.7 

69.1 

68.2 

67.6 

Feb.  24 

30.4 

80.5 

30.8 

33.6 

36.6 

Sept.   1 

67.1 

67.4 

67.4 

66.8 

66.6 

Mar.   3 

32.1 

32.1 

32.7 

34.5 

36.8 

Sept.  8 

65.9 

66.6 

66.9 

666 

66.4 

Mar.  10 

36.1 

35.8 

35.7 

36.2 

37.8 

Sept.  15 

64.5 

65.6 

66.2 

63.8 

61.2 

Mar.  17 

39.8 

40.4 

40.4 

40.0 

40.4 

Sept.  22 

58.0 

59.8 

61.7 

63.6 

64.7 

Mar.  24 

40.1 

40.3 

40.0 

40.0 

41.2 

Sept.  29 

54.0 

55.9 

57.9 

60.7 

62.4 

Mar.Sl 

40.2 

40.8 

41.1 

41.5 

42.4 

Oct.     6 

52.8 

54.2 

55.7 

57.7 

59.7 

Apr.    7 

42.2 

42.6 

42.5 

42.4 

43.1 

Oct.  13 

48.6 

50.5 

52.5 

55.7 

58.0 

Apr.  14 

41.7 

42.1 

42.1 

42.1 

43.2 

Oct.  20 

51.8 

52.8 

53.9 

55.3 

57.0 

Apr.  21 

45.7 

45.4 

44.5 

43.3 

43.8 

Oct.  27 

49.0 

50.5 

52.1 

54.3 

56.3 

Apr.  28 

48.7 

49.1 

48.6 

46.8 

46.1 

Nov.    3 

45.4 

47.5 

49.5 

52.5 

54.8 

May   5 

49.5 

49.3 

48.5 

47.2 

47.2 

Nov.  U) 

42.9 

45.0 

46.9 

50.3 

52.9 

May  12 

56.7 

55.9 

54.5 

51.3 

49.6 

Nov.  17 

40.2 

42.3 

44.1 

47.8 

50.8 

May  19 

57.1 

57.0 

56.4 

54.2 

52.4 

Nov.  24 

38.0 

40.0 

42.2 

45.8 

490 

May  26 

61.3 

60.3 

58.6 

55.5 

53.9 

Dec.     1 

36.6 

38.5 

40.4 

44.1 

47.3 

June  2 

67.3 

66.3 

64.2 

59.7 

56.9 

Dec.    8 

37.2 

38.6 

40.0 

42.9 

45.9 

June  9 

67.5 

66.0 

64.4 

61.0 

59.0 

Dec.  15 

33.0 

35.3 

37.2 

41.5 

44.9 

Junel6 

65.6 

65.6 

64.7 

62.0 

60.2 

Dec.  22 

34.9 

36.2 

37.4 

40.2 

43.5 

June  23 

72.5 
72.7 
71.3 

71.1 
72.2 
71.1 

68.6 
70.8 
70.4 

63.9 
66.9 
68.0 

61.5 
.64.5 
65.9 

Dec.  29 

31.8 

34.0 

36.0 

39.7 

42.9 

June  30 

J«iy  7 

Average 

49.84 

50.47 

50  80 

51.21 

51.99 
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TABLE  XXI. 


WEEKLY  READINGS  (NOT  AVERAGES)   OF  SOIL  THERMOMETEBS,  SET  C.  ON 
UNIRRIGATED  GROUND. 

FOR  1900. 


DATB 


DBPTH 


6in.     1ft.     2  ft.     3  ft, 


DATS 


DEPTH 


6in.     1ft      2  ft.     3ft 


Jan.  4. 
Jan.  11. 
Jan.  18. 
Jan.  25 
Feb.  1 
Feb.  8. 
Feb.  15. 
Feb.  22. 
Mar.  1 
Man  8 
Mar.  15. 
Mar.  22 
Mar.  29 
Apr.  5. 
Apr.  12. 
Apr.  19 
Apr.  26. 
May  3. 
May  12. 
May  17. 
May  24. 
June  1, 
June  9. 
June  14 
June  21. 


30.4 
29.0 
30.9 
29.6 
28.2 
27.7 
28.7 
29.7 
81.2 
31.9 
34.1 
37.7 
37.1 
39.2 
38.2 
44.6 
48.2 
50.1 
57.2 
56.7 
57.8 
62.2 
64.7 
63.1 
68.5 


30.7 

29.8 

31.1 

30.1 

28.5 

28.4 

28.9 

29.2 

31.1 

31.5 

33.1 

35.7 

36.8 

39.7 

37.7 

41.1 

45.4 

47.5 

53.8- 

54.3 

55.5 

59.7 

61.2 

60.4 

64.3 


34.8 
33.6 
33.7 
33.3 
32.0 
32.0 
31.7 
31.8 
32.5 
33.1 
34.0 
35.7 
37.9 
40.3 
39.3 
40.6 
44.2 
44.7 
50.3 
51.5 
52.5 
56.3 
57.7 
58.2 
60.5 


June  28. 
July  5. 
July  12. 
July  19. 
July  26. 
Attir.  4. 
Auff.  9. 
Aug.  16. 
Aug.  23. 
Sept.  1. 
Sept.  13. 
Sept.  20. 
Sept.  27. 
Oct.  4. 
Oct.  11. 
Nov.  8. 
Nov.  15. 
Nov.  22. 
Nov.  28. 
Dec.  6. 
Dec.  13. 
Dec.  20. 
Dec.  27. 

Average 


71.5 
68.0 
71.5 
67.3 
69.2 
71.4 
71.4 
70.0 
68.4 
70.7 
66.6 
60.7 
52.1 
55.8 
51.6 
43.0 
40.1 
39.6 
37.2 
37.2 
32.9 
35.1 
329 


67^ 
66.1 
682 
67.1 
66.7 
68.5 
687 
67.7 
66.7 
68.1 
652 
60.0 
54.4 
54.4 
50.9 
44.4 
41.3 
39.5 
38.2 
375 
34.4 
836 
33.6 


62.9 
68.5 
64.6 
65.1 
64.4 
657 
66.1 
65.9 
66.0 
66.0 
65.4 
62.1 
59.3 
56.3 
54.2 
48.6 
45  8 
436 
42.7 
41.1 
39.3 
38.0 
37.4 


50.2 
60.5 
61.3 
62.2 
62.0 
62.9 
633 
63.5 
638 
63.8 
63.9 
61.8 
59.8 
57.0 
55.4 
50.3 
481 
46.3 
44.9 
43  2 
41.9 
40.4 
39.7 


48.77 


47.68    48.23 


47.88 


This  set  of  thermometen  is  placed  on  a  knoll  near  the  farm  bam,  unirrigated. 
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